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OUR PDP-II | 
MAGTAPE CONTROLLER 


“74 


every two hours of 
every working day 
somebody puts 
alC-l30 ona 
PDP.-11 computer 


Here are just a few of the reasons why 
more people put TC-130's on their PDP-11 
systems than any other magtape 
controller: 


@ Software compatible - embedded 
design 

@ Mixed density- 1600 bpi PE and 
800, 556, 200 bpi NRZ 


@ Intermix 9 track and 7 track, up to 
8 drives 


@ Fits all PDP-11 Series Computers 
@ Dual speed -switch selectable, 
12.5 to 125 ips 


SEND FOR COMPLETE INFORMATION 


Division of WESPERCORP 


2 (714) 991°8700 © TWX 910 591-1687 
ey) CableWESPER 
i 100 Claudina Place, Anaheim, CA 92805 
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KENNEDY 


SERIES 5300 DISK DRIVES 


Series 5300 drives are fixed media, high 
performance units utilizing advanced Winchester 
disk technology. 

Available in one, two, or three platter versions, 
the unformatted data capacity can be as high as 
70M bytes—all in 7” of rack space. 

Track density of 300 Tpi is made possible by 
prewritten servo tracks utilizing one disk surface, 
thus assuring accurate head alignment under all 
circumstances. High data density results from use 
of advanced media and write compensated 
MFM recording. 

Maximum seek time is 70 msec, rotational 
speed, 3000 rpm, and data rate — 1.0 MB/sec. 


The tightly sealed disk compartment allows 
Series 5300 drives to be used in environments 
unsuitable for conventional drives. 

Other Series 5300 features include: NRZ-MFM 
data encode/decode circuits; daisy chaining of 
up to 4 drives; address mark detection; built-in 
power supply; small, easily replaced circuit cards 
and a standard interface. 

Series 5300 is sophisticated in concept, yet like 
all Kennedy products, is simple in design for greater 
reliability, improved performance and lower cost. 


KENNEDY Co. 


540 W. WOODBURY RD., ALTADENA, CALIF. 91001 
(213) 798-0953 
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ALITY: COU 


MODESTY ASIDE, THE TALLY T-2000 
IS THE MOST RELIABLE 
(AND LOWEST COST OF OWNERSHIP) 
LINE PRINTER YOU CAN BQY. 


Tally’s long term reliability is unmatched in the printer 
industry. Extended usage does not affect performance. 
Even after years of operation. Field tests prove it! 
And this steadfast reliability is from a 200 line per 
minute printer that doesn’t require lubrication or 
adjustments of any kind. No preventive maintenance 
is ever needed; there are no duty cycle limitations. 


TALLY’ 
PRINTERS 


OEM SALES OFFICES 

Boston (617) 272-8070 San Antonio (512) 733-8153 

pate beep hE N18 aig Washington, D.C. (703) 471-1145 
icago (312) 885- BUSINESS SYSTEMS SALES 

Los Angeles (213) 378-0805 ind f 

Miami (305) 665-5751 Orinda, CA (415) 254-8350 


Philadelphia (215) 628-9998 
San Jose (408) 247-0897 
Seattle (206) 251-6730 
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Tally’s “up-time” performance means extremely 
low operating costs. Couple this with our low pur- 
chase price and it adds up that the Tally T-2000 
offers the lowest cost of ownership available. 

The reason for this superior reliability is the 
proven and patented print comb mechanism. Based 
on the simple design premise of moving light masses 
over short distances, it’s impervious to wear or mal- 
function. As a bonus, it delivers page after page of 
outstanding print quality. 

Tally Corporation, 8301 S. 180th St. Kent, WA 
98031. Phone (206) 251-5500. 
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COMMUNICATION CHANNEL 


An overview of techniques for testing a data 
communications link presents protocol an- 
alysis, to be followed by digital and analog 
testing in ensuing issues 


DIGITAL TECHNOLOGY REVIEW 
Computers implement all CPU functions on a 
single boa*d and add architectural features 
such as 2-way memory bus and instruction 
prefetch processor 


DIGITAL CONTROL AND. 
AUTOMATION SYSTEMS 


A standalone controller, proven in realworld 
management and control applications, has 
served as the prototype for development of 
a more sophisticated and economical version 


MICRO DATA STACK/COMPUTERS, 
ELEMENTS, AND SYSTEMS 


While requiring large memory space and 
having limited accuracy, lookup tables can 
simplify data domain conversions in micro- 
computer programs 


Highlights of a voice controlled wheelchair 
and an enhanced character graphics system 
conclude Part 2 of the analysis of the micro- 
computer laboratory Berkeley Match Program 


AROUND THE IC LOOP 


Using data obtained through extensive field 
experience, memory system reliability figures 
can be projected with reasonable accuracy 


PRODUCT FEATURE 


Innovative architecture and _ sophisticated 
software are combined to provide a fully 
Programmable, high speed, high performance 
array processor at low cost 


LITERATURE 


GUIDE TO PRODUCT 
INFORMATION 
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FEATURES 


COMPARING MICROCOMPUTER DEVELOPMENT 

SYSTEM CAPABILITIES 83 

by Bruce E. Gladstone 

Because of demanding performance, cost, and time factors required 
for rapid implementation of microprocessor based products, micro- 
computer development systems have emerged as design tools for 
planning hardware, developing software, and integrating both 


HARDWARE LINK DIRECTS MULTICOMPUTER 

INTERACTIONS IN PROCESS CONTROL 93 

by Avinash D. Marathe and Anil K. Chandra 

Process control systems benefit from parallel processing capabilities 
of a star-connected multicomputer configuration. While each computer 
is essentially task-independent, information exchange is via a hard- 
ware interprocessor link enabling bidirectional data flow among all 
computers under software control 


PARALLEL PROCESSOR ARCHITECTURES— 

PART 2: SPECIAL PURPOSE SYSTEMS 103 

by Kenneth J. Thurber 

Concluding this discussion of parallel processors, Part 2 looks at 
several special purpose and scientific attached processors with their 
intent and implementation in mind, comparing architectures and re- 
lating their performance to special application areas 


DISC FILE ACTUATOR DESIGN PERMITS 
INCREASED TRACK DENSITY 116 


by Rudolf W. Lissner, David H. McMurtry, and Richard A. Wilkinson 


Design of a lightweight, highly accurate, and mechanically fast- 
responding disc file actuator realizes a substantial increase in 
magnetic track density 


SOFTWARE ERROR CHECKING PROCEDURES 
FOR DATA COMMUNICATION PROTOCOLS 122 


by J. Wong, W. Kolofa, and J. Krause 


Software can solve the problem of generating cyclic redundancy 
check bits in a microprocessor based communications controller 


CONFERENCES 


IECI ’79 60 

At this IEEE Industrial Electronic and Control Instrumentation Society 
Conference, speakers from worldwide will discuss diverse applications 
for microprocessors in control 


INTELCOM 79 74 

Examining technological developments, regulatory issues, and key 
aspects of communications, this year’s conference consists of tech- 
nical program sessions, executive forums, and a mini-university 


The New 
Slimline Series 
From Okidata 


OKIDATA 


Line Printers That 
Sell Minisystems 


The Okidata Slimline Series, a new family of 
microprocessor-controlled, 132 column line printers. 
A wide range of speeds, options and plug-compatible 
interfaces, all supported with common spares. 


Common spares but uncommon price, performance 
and reliability. OEM prices that create new mini- 
system opportunities, print quality that helps sell the 
businessman and Okidata reliability and maintain- 
ability—unmatched in the industry. A 500,000,000 
character head warranty and stored program machine 
history that replaces customer installation records. 


The Slimline, available in 300, 250, 160 and 125 LPM 
models. Twelve program-selectable fonts, 5 x 7, 
7x7 and 9x7 characters, and graphics capability. 
The Slimline, backed by a worldwide sales and 
service organization. 


OKIDATA 


Okidata Corporation 

111 Gaither Drive 

Mount Laurel, New Jersey 08054 
Telephone: 609-235-2600 


CIRCLE 4 ON INQUIRY CARD 


Publisher and 
Editorial Director 
Robert Brotherston 


Associate Publisher 
Anthony Saltalamacchia 


Editor 
John A. Camuso 


Managing Editor 
Sydney F. Shapiro 


Technical Editor 
George V. Kotelly 


West Coast Editor 
Michael Chester 
Arcadia, Calif. 
(213) 574-7447 


Associate Editors 
Peggy Killmon 
James W. Hughes 


Assistant Editor 
Joanne O'Donnell 


Editorial Assistant 
Winifred L. Helfrich 


Editorial Advisory Board 
Brian W. Pollard 
— J. Preiss 

ex Rice 
Contributing Editors 
Richard Ahrons 
A. S. Buchman 


H. S. Miiller 
Harold H. Seward 


Production Manager 
Judy Lober 


Advertising Production 
Linda M. Wright 


Art Director 
James Flora 


Technical IIlustrator 
Charles Manchester 


Circulation Manager 
Alma Brotherston 


Marketing Manager 
Geoffrey Knight, Jr. 


Marketing Production 
Megan Kern 


Research Associate 
Sidney Davis 


Business Manager 
David C. Ciommo 


Vice President-Sales 
Lindsay H. Caldwell 


Editorial & Executive Offices 
11 Goldsmith St 
Littleton, MA 01460 
Tel. (617) 486-8944 

(617) 646-7872 


Editorial manuscripts should be ad- 
dressed to Editor, Computer Design, 
11 Goldsmith St., Littleton, MA 01460. 
For detalis on the preparation and 
submission of manuscripts, request a 
copy of the “Computer Design Author's 
Guide.” 


Computer Design is published monthly. 
Copyright 1979 by Computer Design 
Publishing Corporation. Controlled cir- 
culation postage paid at Pontiac, Ill. 
No material may be reprinted without 
permission. Postmaster: CHANGE OF 
ADDRESS—FORM 3579 to be sent to 
Computer Design, Circulation Dept., P.O. 
Box A, Winchester, MA 01890. Sub- 
scription rate is $24.00 in. U.S.A., Can- 
ada and Mexico, and $40.00 elsewhere. 
Microfilm copies of Computer Design are 
available and may be purchased from 
University Microfilms, a Xerox Company, 
300 N. Zeeb Rd, Ann Arbor, MI 48106. 


COMPUTER DESIGN/FEBRUARY 1979 


DO-IT-YOURSELF CSI-11 KIT 


EE ae a dk a ae a a re 


Dataram offers LSI-11 users everything they need 
— chassis, memory, controllers, even an LSI-11 micro — 
to get the most out of their microcomputer system 


Dataram Corporation offers LSI-11 users a PDP®-11/03 compatible chassis 
with a wide range of memory and controller modules that lets you enhance 
your LSI-11 configuration, and save money while doing it. 


They're available now from Dataram, 30 days from order, and include — 


5%”, eight slot chassis (24 amps on 5-volt supply) 
DEC® LSI-11/2 microcomputer 

DR-115S dual board, semiconductor ADD-IN 
DR-115 quad board, core ADD-IN 

RK-11/RK-05 compatible cartridge disc controller 
TMI11/TUI10 compatible magnetic tape controller 


We've been noted for our leadership in core and semiconductor memory 
systems, and now, as a result of our acquisition of Dynus Incorporated, we 
are offering the well-accepted disc and tape controllers previously marketed 
under the Dynus name. If desired, we can also supply the DEC-manufactured 
KD11-HA dual LSI-11 microcomputer board. 


DEC, LSI-11, and PDP are registered trademarks 
of Digital Equipment Corporation 


I'd like to learn more about LSI-11 compatible modules i 
0) Chassis 0) Memory O Controllers 
0 Please send information. 


0 Please have a salesman contact me. 


Name 


AR eee ee oe Rone 


Company 


Address 


City State Zip 


O Also send me information about Dataram’s LSI-11 
compatible fixed head disk emulation systems. 


Dh cme es ee a 


PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512 


TEL:609-799-0071 TWX:510-685-2542 
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CALENDAR 


CONFERENCES 


FEB 26-MAR 1—COMPCON Spring, San 
Francisco, Calif. INFORMATION: COMPCON 
Spring 79, PO Box 639, Silver Spring, MD 
20901. Tel: (301) 439-7007 


FEB 26-MAR 2—INTELCOM, Dallas Con- 
vention Ctr, Dallas, Tex. INFORMATION: 
M. Raftery, Mgr of Promotion, Horizon House 
Internat'l, 610 Washington St, Dedham, MA 
02026. Tel: (617) 326-8200 


MAR 6-8—Optical Fiber Communication, 
Shoreham Americana Hotel, Washington, DC. 
INFORMATION: Optical Society of Amer- 
ica, 2000 L St, NW, Suite 620, Washington, 
DC 20036. Tel: (202) 293-1420 


MAR 11-15—Internat‘l Conf on Magnetic 
Bubbles, Palm Springs, Calif. INFORMA- 
TION: Dr Paul J. Besser, Rockwell Inter- 
national, 3370 Miraloma Ave, PO Box 3105, 
Anaheim, CA 92803 


MAR 14-16—Simulation Sym, Causeway Inn, 
Tampa, Fla. INFORMATION: Sudesh Kumar, 
NCR Corp, 4045 Sorrento Valley Blvd, San 
Diego, CA 92121 


MAR 19-21—Federal DP Expo, Sheraton Park 
Hotel, Washington, DC. INFORMATION: 
Dick Rusch, Interface Show Group, 160 
Speen St, Framingham, MA 01701. Tel: (617) 
879-4502 


MAR 19-21—IECI Conf and Exhibit on In- 
dustrial and Control Applications of Micro- 
processors, Philadelphia Sheraton, Philadel- 
phia, Pa. INFORMATION: S. J. Vahaviolos, 
Physical Acoustics Corp, PO Box 3135, 
Princeton, NJ 08540. Tel: (609) 452-2511 


MAR 25-28—Numerical and Control Society 
Annual Meeting and Technical Conf, Mar- 
riott Hotel, Los Angeles, Calif. INFORMA- 
TION: Elaine Skott, Numerical Control So- 
ciety Headquarters, 1800 Pickwick Ave, Glen- 
view, IL 60025 


MAR 27-29—Trends in Online Computer 
Control Systems, University of Sheffield, 
U.K. INFORMATION: ‘IEE Conference Dept, 
Savoy Pl, London WC2R OBL, England 


MAR 29, APR 17, and APR 19—Invita- 
tional Computer Conf, Dallas, Tex; Dayton, 
Ohio; and Chicago, Ill. INFORMATION: 
B. J. Johnson G Associates, 2503 Eastbluff 
Dr, Suite 203, Newport Beach, CA 92660. 
Tel: (714) 644-6037 


APR 3-5—Very Large-Scale Integrated Cir- 
cuits, Technologies, Systems, Applications, 
Baden-Baden, Federal Republic of Germany. 
INFORMATION: Dr Ing F. Coers, Strese- 
mannallee 21, VDE-Haus, D-6000 Frankfurt 
70, West Germany 
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APR 3-5—Specifications of Reliable Software 
Conf, Hyatt Regency Hotel, Cambridge, Mass. 
INFORMATION: Harry Hayman, PO Box 
639, Silver Spring, MD 20901. Tel: (301) 
439-7007 


APR 9-12—INTERFACE, McCormick PI, Chi- 
cago, Ill. INFORMATION: Sheldon G. Adel- 
son, President, Datacomm Interface, Inc, 160 
Speen St, Framingham, MA 01701. Tel: (617) 
879-4502 


APR 23-25—Relay Conf, Stillwater, Okla. 
INFORMATION: — Engineering Extension, 
Oklahoma State U, Stillwater, OK 74074. 
Tel: (405) 624-5146 


APR 23-25—Sym on Computer Architecture, 
Marriott Hotel, Philadelphia, Pa. INFORMA- 
TION: Dr Barry Borgerson, Sperry Univac, 
PO Box 500, Blue Bell, PA 19422. Tel: (215) 
542-2013 


APR 24-26—Electro, New York Coliseum and 
Americana Hotel, New York, NY. INFORMA- 
TION: William C. Weber, Jr, General Mar, 
Electronic Conventions, Inc, 999 N Sepulveda 
Blvd, El Segundo, CA 90245. Tel: (213) 772- 
2965 


MAY 1-3—DATA Computer Show and Data 
Communications Conf, Toronto, Canada. |IN- 
FORMATION: Kimberly Coffman, 2 Bloor 
St W, Suite 2504, Toronto, Ontario M4W 
3E2, Canada 


MAY 8-10—Society for Information Display 
Internat’l Sym, Chicago Marriott Hotel, Chi- 
cago, Ill. INFORMATION: Lewis Winner, 
301 Almeria Ave, PO Box 343788, Coral 
Gables, FL 33134. Tel: (305) 446-8193 


MAY 17—Trends and Applications: Advances 
in Systems Technology Sym, National Bureau 
of Standards, Gaithersburg, MD. INFORMA- 
TION: Trends and Applications, PO Box 639, 
Silver Spring, MD 20901. Tel: (301) 439- 
7007 


MAY 18-20—Mid-Atlantic Personal and 
Business Computer Show, National Guard 
Armory, Washington, DC. INFORMATION: 
Mid-Atlantic Expositions, Inc, PO Box 3315, 
Annapolis, MD 21403. Tel: (301) 263-8044 


MAY 21-23—European Hybrid Microelec- 
tronics Conf and Exhibition, Internat’l Con- 
gress Centre, Ghent, Belgium. INFORMA- 
TION: Prof R. Govaerts, Katholieke Uni- 
versiteit Leuven, Afdeling E.S.A.T., Kardinaal 
Mercierlaan 94, B-3030 Heverlee, Belgium 


MAY 21-24—Sym on Incremental Motion 
Control Systems and Devices, Ramada Inn, 
Urbana, III. INFORMATION: Dr B. C. Kuo, 
PO Box 2772, Sta A, Champaign, IL 61820. 
Tel: (217) 333-4341 


JUNE 4-7—National Computer Conference, 
New York Coliseum, and Hilton and Ameri- 
cana Hotels, New York, NY. INFORMATION: 
Marjorie Greimel, American Federation of 
Information Processing Societies, 210 Sum- 
mit Ave, Montvale, NJ 07645. Tel: (201) 
391-9810 


JUNE 5-8—Business Equipment and Systems 
Internat’l Marketing Event, Paris, France. 
INFORMATION: Peter Ryan, U.S. Dept of 
Commerce, Industry and Trade Administra- 
tion, Washington, DC 20230. Tel: (202) 
377-2849 


JUNE 25-27—Design Automation Conf, 
Town and Country Hotel, San Diego, Calif. 
INFORMATION: Robert J. Smith, Il1, Elec- 
trical Engineering Dept, U of Texas, PO 
Box 7728, Austin, TX 78712. Tel: (512) 
471-4540 


SEMINARS 


MAR 5-8—16-Bit Microcomputer Design and 
Mini/Microcomputer Comparison Sem, Ra- 
mada Inn, Woburn, Mass. INFORMATION: 
Prof Donald D. French, Institute for Ad- 
vanced Professional Studies, One Gateway 
Ctr, Newton, MA 02158. Tel: (617) 964-1412 


APR 5-6—Workshop on Computer Analysis of 
Time-Varying Imagery, Philadelphia, Pa. IN- 
FORMATION: Dr N. |. Badler, Computer and 
Information Science, Moore School of Elec- 
trical Engineering/D2, U of Pennsylvania, 
Philadelphia, PA 19104. Tel: (215) 243-5862 


SHORT COURSES 


MAR 22-24—Microprocessor Programming, 
Portland, Ore. INFORMATION: Vincent J. 
Giardina, IEEE Mgr of Continuing Education, 
445 Hoes Ln, Piscataway, NJ 08854. Tel: 
(201) 981-0060, X174/175 


Announcements intended for pub- 
lication in this department of 
Computer Design must be re- 
ceived at least two months prior 


to the date of the event. To en- 
sure proper timely coverage of 
major events, material preferably 
should be received six months in 
advance. 
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INTRODUCING THE 
DSD 440. DOUBLE DENSITY, 
DELIVERED. 


The DEC® RXO2—Compatible 
Flexible Disk System with 30 day delivery. 


Our new DSD 440 records data in both 
DEC double density and IBM 3740 single density 
formats. It is 100% software, hardware and 
media compatible with DEC LSI-11, LSI-11/2, 
PDP-11 and PDP-8 computers including those 
equipped with extended memory. The DSD 440 
can be set to emulate either the RXO1 for 
downward compatibility or the RXO2 for in- 
creased storage capacity and throughput. 


Hardware Bootstrap 


A 512-word hardware bootstrap is built into 
the interfaces for the PDP-11, LSI-11 and 
LSI-11/2 systems. In addition to bootstrapping 
both single and double density configurations, it 
also performs diagnostics on the CPU memory, 
and the disk interface and controller. 


“Hyperdiagnostics” 

Microprogrammed self-diagnostics are built 
into the drive and controller unit. User-selectable, 
stand-alone “Hyperdiagnostics” simplify main- 
tenance and alignment procedures. 


The DSD 440 data storage capabilities 
include write protection, power loss data protec- 
tion, single track and complete diskette format- 
ting. Diskettes can be formatted using sequential 
or user-selected sector interleaving. Special sector 
interleaving schemes can be implemented during 
formatting to improve system throughput. 


Megabyte System 

This powerful megabyte flexible disk system 
is packaged in a low profile 51/4-inch chassis. 

The DSD 440 is being shipped in quantity 
now. Delivery is 30 days. 

To find out more about it, contact Data 
Systems Design today. A data sheet and price list 
will be forwarded to you immediately. 


3130 Coronado Drive, Santa Clara. CA 95051 
(408) 249-9353 TWX: 910-338-0249 
® Registered trademark of Digital Equipment Corporation 
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Simple doesn’t have to mean unsophisticated. 


The proof is in our new CRT terminal, the HP 2621. 


Before building it, we took a long, hard look at 
the way you use a simple terminal. Then we took the 


_ knowledge gained in more than 10 years designing 
computer products and applied it to engineering an inter- 


active character-mode CRT terminal from the .user’s 
point of view. 

The outcome was actually two models. The HP 
2621A, which sells for $1450. And the HP 2621P, which 
has a built-in printer, costs $2550. You obviously want 
the sharpest display made. So we used the 9x15 
character cell you see on every HP CRT terminal, 
including the top-of-the-line. And, to help you look back 
at the data you've entered, we provided two full pages 
of continuously scrolling memory. 

We designed the keyboard like the familiar type- 
writer, so you don’t have to waste time relearning it. We 
built in eight function keys, too. These control the cursor, 
rolling and scrolling. And, to make life easier, they’re 
labeled on the screen for self-test, configuration, display 
and editing. 

Editing? On a simple terminal? Certainly. We 
included character and line insert and delete, clear line 
and clear display. And, since the 2621 keeps your input 
separate from your CPU’s, you can edit data before 
sending it to the computer. All without writing a line of 
system software. 

Since flexibility is important in interfacing, we 
included a user-definable return key that will send your 
computer whatever code it expects. We also made our 
terminals compatible with RS232C and Bell 103A, and 


0 Id like to know more about HP’s new 2621A and 2621P with 
built-in hard copy. 


CO) I'd like to see HP’s new 2621A and 2621P with built-in hard copy. 
0) I'd like to know more about HP’s complete family of terminals. 


Name 


Title 


Company 


Address 


Phone 


Mail to Hewlett-Packard, Attn: Ed Hayes, 
Marketing Manager, Data Terminals Division, Dept. 1247, 
19400 Homestead Road, Cupertino CA 95014. 


e HP 2621: si 


able to communicate with your CPU at 110 to 9600 baud. 

If you need hard copy at your fingertips, take 
a look at the HP 2621P. With a keystroke, its built-in 
120 cps thermal printer will deliver a printout from the 
screen in seconds. 

So why don’t you check out the HP 2621 by call- 
ing the nearest HP sales office listed in the White Pages. 
Or send us the coupon. Then see for yourself how 
sophisticated a simple CRT terminal can be. 


Try this on your favorite CRT! With the 2621P, you just hit a key 
and in seconds you have hard copy of your CRT display. The built-in 
thermal printer prints upper and lower case at up to 120 cps. 


The 2621's bright, high-resolution CRT, with enhanced 9x15 
character cell, displays the full 128-character ASCII character set, 
including upper and lower case, control codes, and character-by- 
character underline, in 24 80-character lines. 


Eight screen-labeled preprogrammed function keys magnify 
the power of the 2621's keyboard. Preprogrammed functions include 
editing, terminal configuration, printer control and self-test. 

To make numeric data entry faster and easier, we put the 2621's 


numeric keypad right in the middle of the keyboard. And the 2621's 
familiar 68-key keyboard is almost as easy to use as a typewriter. 


HEWLETT | WD PACKARD 


All prices are US. list 
Available on GSA Contract #GS-O00C-01529 from 12/8/78 through 9/30/79. 
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ple sophis 


COMMUNICATION CHANNEL 


DATA COMMUNICATIONS TESTING OVERVIEW— 


PROTOCOL ANALYSIS 


Jeffrey R. Duerr 


Hewlett-Packard Company, Delcon Division 
Mountain View, California 


"Dig original concept of the computer as a basic cal- 
culator and number cruncher has undergone a profound 
change in the past two decades because of the develop- 
ment of vast data processing networks. As these computing 
systems have become more sophisticated, their ability to 
process and distribute data has been greatly extended by 
connection to remote terminals, and linkage to other 
geographically dispersed processing centers. A major 
factor in this dynamic growth has been the development 
of means by which these data centers can communicate 
through existing voice channels. The significance of this 
feat is even more impressive when one realizes the con- 
trast in requirements between data and voice transmission. 

The telephone system was designed for adequate com- 
munication from the human voice to the ear by relaying 


FACILITY A 


— Bieeta =e ANALOG eee Sa eS aa 


Fig 1 
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Simplified point-to-point system using common carrier channel. Since equipment 
and services are often from disparate sources, trouble spots are not easy to pinpoint 


a reproduction of a waveform in the normal voice band, 
300 Hz to 4 kHz. Although signal-to-noise (s/N) ratios 
need be maintained at a reasonably high level, the ear, 
aided by its mental processor, is very forgiving of distor- 
tions in phase and frequency. For faithful data transmis- 
sion, however, s/N ratios are less important; phase and 
frequency distortion, on the other hand, cause intersymbol 
interference and consequently higher error rates. 


Data Communications System 


A block diagram of a basic point-to-point data commu- 
nications system is shown in Fig 1. Facility A commu- 
nicates with facility B through an established voice channel 
supplied by one of the common carriers such as AT&T. 
Facility equipment may range from a simple remote 


FACILITY B 
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Wh 
1,00 


it waste 
on every 


line printer 
you ship? 


By switching to Centronics’ 6000 Series 
Band Printers, you can reduce your 
direct costs and improve your margins 
by thousands of dollars. Immediately. 
On every system. 

That’s a strong claim. But we can 
back it up. Our 6000 series band 
printers cost up to 40% less than con- 
ventional line printers. That’s a savings 
of thousands of dollars on every printer. 

OEM’s ARE JUMPING ON 
THE CENTRONICS’ BAND- 
WAGON. Substantial savings and 
easy, economical operation have con- 
vinced over 100 OEM’s to switch to 


Centronics’ band printers. That makes 
us the world’s largest supplier of band 
printers to the OEM market. 


DON’T WAIT ANY LONGER. 


Every system you ship without a 
Centronics’ 6000 series band printer 
wastes money and needlessly lowers 
your profits. But Centronics is poised 
to offer a quick solution. Call us day 
or night at our Toll-Free number. But 
do it right away. The longer you wait, 
the more money you’re wasting. 

Centronics Data Computer 
Corporation, Hudson, New Hamp- 
shire 0305]. 


800 528-6050 


In Arizona call 800 325-0458 
CENTRONICS PRINTERS 
Simply Better 
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For all the dramatic success stories, the idea 
of custom LSI still scares the pants off a lot of people. 
How can they be sure of getting delivery in time to 
meet their marketing deadlines? Why should they 
trust the future of a new product to a single supplier? 
Why not play it safe with microprocessor systems? 
What about cost? 

In the twelve years since making our first 
custom MOS chip, AMI has heard it all. And we've 
turned many hard-nosed skeptics into true believers, 
with scores of extremely successful products to 
show for their conversion. 

Still, the questions are asked. And, as the leader 
and chief innovator in this complex field, we'd like to 
answer them. 

“Why take chances on a single supplier?” 
There have been cases where two MOS companies 
were hired to work on the same project. But that kind 
of expense really isn’t necessary if you pick the 
right MOS company in the first place. 

To begin with, their engineers should be able to 
assess your application to see whether custom is 
the most cost-effective approach. As AMI makes a 
variety of standard parts, too (4, 8 and 16-bit 
microprocessors, memories, telecommunication and 
consumer circuits), were in a good position to make 
an unbiased appraisal. We can show you whether 
pure custom would give you the most for your 
money. Or whether a standard system would do the 
job. Or maybe a system based on a standard 
microprocessor with custom peripherals would give 
you the best of both worlds. 

If custom's the answer, we can design your 
proprietary circuit from scratch. Or, if you have the 
know-how, you can do the design and we'll do the 
manufacturing. (This “customer tooling” approach 
can satisfy your second source requirements, if you 
have any.) A third option is a joint development 
venture where a team from your company and a team 
from ours work together to build LSI circuits for 
families of products. 


to custom LSI is like 


nine months, 


= 


% 
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In a technology this complicated, all MOS 
companies sometimes run into design or production 
problems. But keep in mind that AMI has far more 
experience than anyone else. With more than 1200 
different circuits under our belt, we know what will 
work and what won't. That's one reason we average 
less than seven months from firm specification to 
fully-tested LSI circuits—the fastest turnaround in 
the industry. As we work in 25 variations of four 
major processes, we don’t have to bend your 
application to fit any production limitations. And we 
have plants in California, Idaho and Korea to build 
you all the product you need. (Some of our custom 
clients use more than a million circuits a year.) 


“Custom’s too damn expensive’’ 
This is one of the great LSI myths. Obviously, 
the front-end engineering costs are higher than 
pulling standard parts off the shelf. But there are 
several reasons why custom can end up cheaper in the 
long run. 

First, youre only paying for what you need. 

As opposed to a microprocessor system where you 
often have to buy more capability than you'll ever 
use. That makes custom more cost-effective in your 
system. And remember, quantity prices of custom 
circuits follow a similar volume curve as standard 
products. 

But, when you get right down to it, the value 
of a custom circuit lies in its uniqueness. Its ability to 
give your product features that nobody else has. 
That advantage is priceless. 


We wrote the book on custom LSI. 
And, as the pioneer in this field since 1966, we keep 
rewriting it. We've now published a comprehensive 
new brochure on the subject titled “AMI’s Six Step 
Program for Success in Custom LSI” 

These six steps are: 1) Considering all the 
factors; 2) Looking at the custom options; 3) 
Selecting the right MOS/LSI process; 4) Designing the 
best circuit; 5) Fabricating the optimum device; 
6) Testing for reliable performance. 


If you think just any custom company could 
have written this book, think again. It touches 
on several areas that set AMI apart from the rest. The 
number of options. The shortening (by about a 
third) of the design cycle using our SLIC method 
(Symbolic Layout of Integrated Circuits). And an 
advanced project management system that allows us 
to track your circuits from initial logic to com- 
puterized testing of every chip. 

It also touches on some of AMI’s applications’ 
history, showing how far we've come in the past 
decade. We've made anti-skid and miles-to-empty 
circuits for the auto world. Sewing machine, kitchen 
range, washer/dryer and microwave oven controls 
for the appliance industry. Chips for phones, video 
games, televisions and electronic organs. And a 
broad spectrum of EDP applications, from keyboards 
and displays to memory management systems. 

The list goes on and on. But, compared to the 
potential uses of custom LSI, it’s a fairly brief prologue. 
Every day we come up with exciting new solutions 
to antiquated electromechanical or MSI problems. 

Why don’t you come and explore these possi- 
bilities with us? Write or call AMI Custom II Market- 
ing, 3800 Homestead Road, Santa Clara CA 95051. 
Phone (408) 246-0330. Or at one of these regional 
sales offices: California, (213) 595-4768; Florida, 

(305) 830-8889; Illinois, (312) 437-6496; Indiana, 
(317) 773-6330; Massachusetts, (617) 762-0726; 
Michigan, (313) 478-9339; New York, (914) 352-5333; 
Pennsylvania, (215) 643-0217; Texas, (214) 231-5721; 
Washington, (206) 687-3101. 

We'll send you our new brochure. Or, if 
you prefer, give you a 
detailed 30-minute pre- 
sentation right in your 
office. You'll soon see how 
to get the jump on the 


ing your breath at all. 
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Fig 2 Typical multidrop net- 
work. Line management or 
protocol is required to con- 


FACILITY ale x 
x trol communication of infor- 
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mation between stations in 
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terminal-modem combination to a more complex configura- 
tion of processing equipment including cpu, several ter- 
minals, and a variety of peripherals. The classic dilemma 
faced by the communications manager at facility A is 
commonly referred to as the “finger-pointing” problem. 
He often has terminal equipment supplied by one man- 
ufacturer, modems by another, and a communication 
channel leased from the local telephone company. If he 
lacks adequate technical expertise in each of these three 
areas, it will sometimes be difficult to pin down the actual 
source of the trouble when a problem arises. 

Tools to resolve this situation do exist, and are typically 
applied at three different levels: (1) protocol testing, (2) 
digital data testing, and (3) analog channel testing. Be- 
cause each of these levels represents a unique measure- 
ment set, they will be discussed as separate elements in 
the overall measurement solution. 


Protocol Testing 


A distributed network (Fig 2) has special requirements 
for data flow management along the communication paths. 
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orderly manner 


Fig 3(a) Monitor configuration. By monitoring 
sequence and separately displaying transmit and 
receive messages, actual progress of data flow 
can be observed 


Fig 3(b) Simulation modes. Analyzer can be 
used to isolate faulty component by progres- 
sively testing different blocks of system 


Because communication can extend from a simple point-to- 
point path to several points on a multipoint network, a 
need arose for this type of management, or line protocol. 
This provides the grammar by which machines can con- 
verse with each other in an orderly and controlled manner. 

Binary synchronous communications (Bsc), first intro- 
duced in 1966, became the industry standard for medium 
and high speed data communications. As new digital net- 
works, satellite communications, and other advanced trans- 
mission techniques came on the scene, they created a need 
for a full duplex line protocol that was more efficient than 
Bsc. This need is being met by newer standards, such as 
high level data link control (HDLC). HDLC allows a greater 
volume of information to be transmitted in a given time 
period, effectively reducing cost per unit volume of data 
transmission. In addition to transmission of standard text, 
other functions performed by protocol include acknowl- 
edgment or rejection of the text, detection of errors, 
retransmission after error detection, and other polling and 
command sequences. 

In order to properly test communications operation at 
this level, a different type of test equipment is required. 
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Any way youlook atit... ® 
Digi-Data is a Major OEM Tape Deck Supplier! ~- 


Although OEM needs may 
change from company to com- 
pany, Digi-Data’s strength in all 
five major OEM purchasing 
factors puts us right up front. 


Factor 1: Technology 


Take our exclusive imbedded 
dual density formatter. ..it pro- 
vides microprocessor control 
and implementation of the for- 
matting function! Result: 
improved reliability through 
lower chip count and ability to 
add future design upgrades via 
firmware. 


Factor 2: 
Product Versatility 


There's a Digi-Data tape deck for 
virtually any ANSI/IBM compat- 
ible tape drive application. For 
most minis, simply add the for- 
matter and computer interface 
electronics. 


Factor 3: Reliability 


Consider Digi-Data’s broad 
design experience, single minded 
commitment to tape drives, 
computer modeled circuitry and 
attention to detail. Result: The 
industry's cleanest, most reliable 
design which simplifies main- 
tenance and spares stocking for 
OEM's. 


Factor 4: 
Corporate Strength 


OEM's can count on it! Conser- 
vative practices have enabled 
Digi-Data to build a financial 
strength and stability enviable to 
many larger firms... Check us 
with D&B! 


Factor 5: Price 


Initially lower because of simpli- 

fied design efficiency...aggres- 

sively lower when we get to large 

quantity pricing. Result: Obvious 
..more profits to you. 


Whether it’s front to back tech- 
nical superiority ... field proven 
reliability ... product compatibil- 
ity ... corporate responsibility 

or competitive pricing... we have 
what you're looking for when it 
comes to OEM tape decks or for- 
matted and computer interfaced 
systems. 


Call or write today... 
we'll prove it. 


DIGI-DATA 
CORPORATION 


8580 Dorsey Run Road 
Jessup, MD 20794 
(301) 498-0200 


ees ©... First in Value 
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The company whose glass jars became 
a legend is now making history 
in computer products. 


Ball...where quality has been a tradition for 99 years. 


In 1880, the Ball Mason Jar 
offered a simple solution to an age- 
old problem. Known for their consist- 
ent quality, these jars revolutionized 
an industry. 

In 1979, after seven years of 
research and development, the Ball 
name is again making history with 
OEM computer peripheral products 
and the ReaDoc System for automatic 
processing of payments. 


Ball Disk Drives 


Products you'll be proud to label 
your own. 


Ball Computer Products people 
understand the needs of the OEM. 
When you buy a disk drive, it must be 
fully operational when delivered. After 
that drive ships to your customer, it 
must exhibit high field reliability. And, 
if the drive does fail, it must be read- 
ily repairable. The BD-50 and BD-80 
Disk Drives satisfy those needs... 


0 Because we insist on perfection 
through every step in the 
manufacturing process. (We ensure 
it through long, elevated tempera- 
ture burn-in before shipment.) 

0 Because all BD-Series Drives 
employ modular construction and 
diagnostic features that simplify 
service. 

CO) Because all BD-Series Drives are 
supported by the most complete 
field maintenance documentation 
in the industry. 


Ball’s total approach to product 
quality—That's what you'll like most 
about BD-Series Disk Drives. 


Ball Disk and Tape 
Controllers 


Powerful, yet easy to use. 


Ball controllers for Nova and 
PDP-11 series computers are easy to 
incorporate into your system. Our 
tape controllers emulate similar 
products from the computer manufac- 
turer. No software impact! And they 
are host-resident for lowest cost. 

Our disk controllers include 
emulating controllers, which require 
no software modification, and non- 
emulating controllers, which come 
with complete software modification 
packages. Microprocessor-based, the 
Ball controllers incorporate all the 
latest features. Some even offer IBM 
format capability. All our controllers 
Operate with any SMD interface 
drive—the Ball BD-50 and BD-80, or 
any other—even intermixed on the 
same controller. 


Ball Disk and Tape 
Subsystems 


Complete systems from a single 
source. 


Ball Computer Products special- 
izes in fully integrated disk and tape 
subsystems. Single source responsibil- 
ity eases the headache of integrating 
components from several vendors. You 
decrease inventories and significantly 
improve factory throughput. Your ship- 
ments aren't held up for lack of a 
minor system component. And you 
have the comfort of knowing that 
before the system ever left Ball, it was 
tested on a system identical to yours. 
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Ball ReaDoc 


Cash processing system. 


The ReaDoc Remittance Proces- 
sing System broke new ground in 
data processing for major companies 
processing mail and agency pay- 
ments. This complete system, with 
terminal, memory, central processor 
and software, has already reduced 
cash processing expense for many 
firms and is building an enviable 
reliability record. While the system 
concept remains constant, each 
ReaDoc system is tailored for a 
specific customer application. 


Ball Computer Products 


Legendary in their own time. 


Ball Computer Products Division 
is a growing part of the Ball Corpora- 
tion, a company with annual sales of 
more than half a billion dollars. Ball 
people personify the company philos- 
ophy of quality and performance 
leadership. Our products solve your 
problems by providing straightforward 
and reliable answers to complex 
requirements. We would like to be 
part of your company’s success story. 
Call us for complete information. 


Y4 Computer 


ea seri 
Division 


Division Headquarters 

860 East Arques Avenue 
Sunnyvale, California 94086 
(408) 733-6700 
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Protocol testers developed for this purpose can interact 
with the communications system under test through a 
system language level, and can function in two modes, 
monitor and simulate. 

Monitor mode is a passive, non-intrusive function for 
evaluating status and recording data information at the 
terminal-modem interface. This capability makes it possible 
to locate common network problems without costly inter- 
ruption of the data communication channel. The fact that 
approximately 80% of system problems can be diagnosed 
by protocol analysis in monitor mode while the data link 
being checked remains in service is one of the more 
valuable features of this test method. In monitor mode, the 
analyzer should have the capability of triggering (trap- 
ping) on specific sequences and commands. This allows 
pinpointing of common network faults while passively 
monitoring data and handshake leads at the digital inter- 
face. The monitor configuration is shown in Fig 3(a), 
where a protocol analyzer is observing the cpu-modem 
interface at each end of a communication path. 

Simulation modes for a protocol analyzer are shown in 
Fig 3(b). The analyzer can simulate a cpu to the modem, 
generate a message for the distant cpu, and interact with 
cpu or terminal. 


Typical Problem and Solution 


Assume that the cpu in the simple multidrop network of 
Fig 2 polls terminals B and C in an alternating sequence. 


[fan addition to our expanding, \ 
otors and tachs. This 2" diameter, 6 
; large replaceab’ brushes 


*Leads or terminals leone stack | lengths 

1/4” shaft — flats, pinions, crossholes, etc. 
Think “KYQM power” for your servo, low-cost 

rei computer siti situ iceiense: 
t's 
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A typical symptom of a problem might be that the termi- 
nal at facility B does not respond to a poll request. By us- 
ing protocol analysis at the terminal-modem interface at 
point B, it is possible to determine whether or not B is 
actually receiving the polling request. A non-intrusive mon- 
itor mode, triggering on the polling sequence for C, ac- 
complishes this. Since C does respond, this trigger will 
produce a display where any follow-on sequence which 
was intended to poll terminal B can be observed. If there 
is a proper polling sequence to B, the response of B to 
that poll request can be observed. 

If the response from B is correct, two other areas need 
examination. First of these is the handshake signal timing 
between terminal and modem at B. Control signals at the 
interface between modem and terminal must occur at 
prescribed intervals and for prescribed periods of time. 
Using the analyzer, the elapsed time for data terminal 
turnaround, time between request to send and clear to 
send signals, and other timing functions of the interface 
can be determined. 

Second, assuming that these timing signals are within 
specification, point A should be investigated for proper 
response to the poll command at the modem-terminal inter- 
face. Choosing the appropriate trigger point allows the 
operator to observe the returned sequence from terminal 
B. An improper sequence indicates modem and _ line 
problems. A correct sequence implies that data input to 
the cpu is not accepted properly, a cpu problem. As be- 
fore, further investigation could reveal discrepancies in 
the timing interchanges between modem and terminal or 
CPU. 

When the problem has been isolated to a system com- 
ponent, the analyzer can be directly connected to either 
cpu or terminal and simulate one or the other. In this way 
the required protocol message can be generated and the 
response observed. In addition to diagnosing the overall 
protocol format, the analyzer should be able to make basic 
character parity error checks in the data message, giving 
a further dimension to testing the cpu-terminal network. 


Fig 4 Typical test setup for protocol analysis. Here instru- 
ment (HP1640A) is monitoring interchange between terminal 
and minicomputer 
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Still handcuffed 
by disk & drum storage? 
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Fig 4 shows a protocol analyzer in a typical test configura- 
tion. 

Display output for a synchronous test is shown in 
Fig 5. Transmission of the standard “Fox” message is 
followed by an end of text (Ex) character and an idle. 
The received response includes two sync characters (Sy), 
an acknowledgement of proper receipt (Ak), and an idle. 


Fig 5 Display output 
for synchronous test. 
Display has been initi- 
ated well into message 
flow and shows trans- 
mit (normal video) and 
receive (reverse video) 
sequences 


In addition, information on message time interval, trigger 
sequence, and number of repeats is available in the 


header. 


Protocol Analyzer Selection Criteria 


Ease of use is one of the most important parameters to be 
considered in choosing a protocol analyzer. Because the 
instrument must interact on a high level with a 
sophisticated network, the operator should not be bogged 
down with complexities in its operation. 


Another important feature is the ability of the instru- 
ment to recognize and trigger on specific sequences. This 
is the real key to indexing into problem areas that may 
be experienced in the network. 

There should be sufficient memory with enough charac- 
ters to display problem symptoms on the network. Actual 
amount of memory required is lessened by increased 
capability of the analyzer to do more sophisticated 
triggering. 

The ability to monitor the modem-terminal interface 
not only for data but also for timing functions is very 
important. Approximately 80% of system problems can be 
solved by non-intrusive monitoring. This saves network 
operating time, as well as resulting in considerable cost 
savings. 

Simulation of either cpu or terminal is another important 
asset in detailed troubleshooting of specific blocks of the 
entire network. 

The analyzer should be adaptable to a number of code 
sets, at least two or three, and preferably five or six, 
depending on the type of network. The most common of 
these codes are ASCII, EBCDIC, and hexadecimal. 

Finally, capability of making basic. parity error checks, 
or more elaborate longitudinal redundancy checks (LRc) 
and cyclic redundancy checks (crc) on received messages 
will add to the overall utility of the analyzer. 

Protocol analysis represents the highest level of a com- 
plete data communications test procedure. While digital 
and analog testing, to be covered in ensuing columns of 
this series, appeal to the hardware test engineer, it is 
protocol analysis that is the equivalent for the software 
troubleshooter. 


PICK A 


PITTMAN® 
D-C MOTOR 
FOR YOUR 
PRODUCT 


LO-COG® Servo Motors 
3 series: 1.2, 1.6 and 2.0” OD 
Stall torques: about 1 to 128 oz.-in. 


PITMO® Gearmotors 
2 series: 1.38 and 
2.00” OD gearboxes 
Torque limits with 
standard gearing: 
100 & 175 oz.-in. 


<) THE PITTMAN CORPORATION 


A Subsidiary of Penn Engineering & Manufacturing Corp. 
Harleysville, PA 19438 - 215:256-6601 
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NEW Rare Earth Field 
D-C Motors 

1x14” cross-section 

Stall torques: 12 to 24 oz.-in. 


PITMO® Motor-Tachs 
2 series: 1.2 and 1.6” 0.D. 
Standard tachometer gradient: 
2 volts/1,000 rpm 
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ou won't believe our 


Ballistic Printer until you 
see one in print. 


And in person. 


Unless you’ve been in xe and paper fibers. Even 
hiding, you’ve probably “| caniinaitiiahaiaiaamnbiacenbaicaiinesiailiiona 2 - wire tip wear is substan- 
heard about LSI’s family of é tially reduced. 

Ballistic Printers. Built with The Ballistic Printer 
the same proven depend- uses a five-start lead 
ability of the Dumb Terminal screw and servo to print 
and his Smarter Brothers. bi-directionally at 180 cps. 

Our latest matrix printer, Direct, simple, positive. 
the 200A, comes with stan- And very accurate. 
dard features like a Space But, seeing is believing. 
and Blank Character Compression Buffer. So, ifyou’d like to be amazed by our Ballistic 
Tabbing over Blank Spaces ability. Half Duplex Printer in person, write or call us toll free 
or Full Duplex Operation. And a fully buffered (800) 854-3805. Just ask for Tom Hudspeth. 
input, optionally expandable to 1024 characters. If you haven't seen the Ballistic Printer 
Not to mention its microprocessor versatility, in action, you haven't seen ballistic printing. 


and firmware flexibility. 
To top it off, you can choose from options Ballistic Pri ‘ : r, 
- Tougher in the long run. 


like Serial, RS&3e, Parallel, and Current Loop 
interfaces. Polling. X-ON, X-OFE And e longated, , 
character capability with a choice of either 
10, 18 or 16.5 Pitch. 

The Printer’s reliability lies in the sim- 
plicity of its patented Ballistic head. Which 


ballistically propels the matrix wires to assure longer LEAR SIEGLER. INC. ON DIVISION 
head life. Eliminating tube clogging with inks, dust, DATA PRODUCTS 


Lear Siegler, Inc./E.I.D., Data Products, 714 Brookhurst St., Anaheim, CA 928038; (800) 854-3805. In California (714) 774-1010. 
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| COMMUNICATION CHANNEL | 


Fiber Optic System Links 
Ground Station to Data Processing Center 


FIBER OPTIC TRANSMISSION 
CABLE (~I-km LENGTHS) BUFFERED 


BUFFERED 
FIBER 


= ie | healers bp! aa 


SINGLE CHANNEL 
FIBER OPTICS CONNECTOR 


Transmission system configuration. Two 1.07-km cables are coupled at midpoint by connector 
arrays. 1-m buffered fibers at the transmitter and receiver ends serve as patch cords to couple 
optical energy to and from cable ends 


ee 


il 


A fully operational fiber optic data _ 


transmission system has been installed 
by the vu. s. Navy for use in the De- 
fense Satellite Communications Sys- 


AVERAGE OPTICAL POWER (dBm) 


Data channel power budget. Lower line shows acceptance level. 
Upper line, plotted from actual data link used in configuration 
audit, shows 8.5-dB optical power margin above acceptance level 


tem (pscs) at the Naval Communica- 
tions Station in Agana, Guam. Hard- 
ware and installation assistance was 
provided by irr Electro-Optical Pro- 


ducts Div, 7635 Plantation Rd, Roa- 
noke, va 24019. 

The 2.14-km transmission system 
links a satellite ground station to a 
data processing center and can handle 
six independent active data channels. 
Each channel accommodates data 
rates in the range from 20k to 20M 
bits/s without the use of repeaters. 
Bit error rate is less than 1 x 10°8 at 
the receiver digital data output. The 
system, designated aN/rac-2, is sim- 
ilar to earlier systems installed by rrr 
for the Navy at Fort George G. 
Meade, Md, and at Wahiawa, Ha- 
wae 

Six fiber optic cables, each con- 
sisting of eight graded-index fibers 
helically laid around a central mem- 
ber and covered with a polyurethane 
jacket, were installed in a 4” 
(10.2-em) pvc (polyvinyl chloride) 
duct. The installation involved pulling 
six 1.07-km cables from each terminal 
to a manhole located at the midpoint 
of the run, where demountable multi- 
way connectors were used for the con- 
nection. The cables were connector- 
ized by Navy personnel. All links met 
or exceeded performance require- 
ments for the project. 


References 


1. Computer Design, Aug 1978, pp 18, 20 
2. G. C. Wilhelmi, T. A. Eppes and J. 
R. Campbell, “An Operational Thirty- 
Channel Fiber Optic Data Transmission 
System in the pscs Network,” ICC’78 Con- 
ference Record, Vol I, pp 6.2.1-6.2.5 
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ONCE YOU GET IT ON THE SCREEN 
YOU DESERVE FAST, HARD COPY. 


Gould's electrostatic printer/ 
pete is the fastest graphic 
d copy peripheral available 
today for your Tektronix 4000 
Series interactive graphic 
terminal. You get permanent 
graphics direct from the 


ee 


For more information contact, Gould 
Inc., Instruments Division, 3631 Perkins 
Ave., Cleveland, Ohio 44114, (216) 361-3315. 


FOR BROCHURE CALL TOLL FREE 
(800) 325-6400, EXT. 77. (In Missouri 


(800) 342-6600) 
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terminal in as little as 4 seconds, 
regardless of image complexity. 
In an on-line CPU configura- 
tion, you can plot at up to 3.25 
paper in./sec. and print at up 

to 1600 lines per minute. 

Yet Gould's hard copy still 
possesses exceptional 
resolution and ex- 

\ tremely high contrast. 

| Only Gould offers you 

| both unmatched speed 
and unsurpassed 
image quality. 

And Gould lets you 
select a 0° or 90° 
image orientation at 
will. In 90° mode, 

images are enlarged 


up to 72%. You are able to select 
1024 or 2048 point sampling 
and high or low speed graphic 
operation, letting you optimize 
image size, resolution and 
speed. 

As with all Gould systems, 
your software is all-Gould. You 
never need worry about third 
party variables. 

Gould images don't deterior- 
ate. The system requires no 
warm-up. Gould paper costs a 
fraction of silver paper. Up to 2 
interfaces are accommodated in 
the plotter, allowing you to use 
it with up to 8 Tektronix ter- 
minals or 4terminals anda 
minicomputer, or 2 mini- 
computer CPU's. 

Your CRT work deserves 
the best hard copy you 
can get. You get it 
from Gould. 


=" GOULD 


The product development Company 
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Intel’ EPROM 
the 2732 simplifies 


Frankly, EPROMs exist 
to support microprocessors 
That’s the basis of Intel's 
EPROM evolution: At each higher level of density and performance, the 
industry standard is chosen for its compatibility with current micropro- 
cessor designs. We followed this principle when we introduced the 
first EPROM, our 2K 1702, and again with our 8K 2708. In 1977, 
Intel’s 16K EPROM, the 2716, gave designers +5V 
only operation, low standby power and indepen- 
dent bus control they needed to take full 
advantage of 5V microprocessors. 

Now Intel introduces the 32K 2732. It has 
all the advantages of our industry standard 
2716 with twice the density and no com- 
promise in performance. And since it’s 
totally compatible with the 2716, you don’t need 
jumpers when you upgrade. 
| Most importantly, the 2732 provides 

two independent control lines for enhanced 
performance in today’s new multiplexed micropro- 
cessors. Chip Enable (pin 18) controls active and 
standby power dissipation and is used as the device 
selection pin. Output Enable (pin 20) allows the micro- 
processor to maintain control of the system bus to prevent 
bus contention. Using independent controls is your link to 
higher system performance and future system compatibility. 

Designing with the 2732 means flexibility, too. It’s a +5 volt part, 
so you can design your entire system—--CPU, peripherals, RAMs and 
EPROMs--—around a single +5 volt supply. And with maximum 
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Evolution and how 
microcomputer design. 


Ay is = h- 

a 

current of only 150 mA, the “4 9 EB» 
2732 offers lower power na & Ba 
per bit than any other og 3 Bs 

03 


EPROM. In standby, — Pi 
current is reduced —— 
Bes 20mA.  .pamanies 

maximum. Active Icc (max.) 100 mA 150mA 

: Power per bit (max.) | 32W/bit 24 wW/bit 

Because foresight and standby icc(max) |  25mA 30 mA 

flexibility at the design paimes tel ee) 

stage can extend a product's life cycle by years, we’ve written 

a comprehensive application note, AP30, on using EPROMs in 5V 

inicroprocessor systems. AP30 tells you how to vet the best perfoimiance 

from today’s EPROMs and how to design for easy mobility to tomorrow's 
higher density devices. For a copy of AP30 and our 2732 data sheet, 
contact your local distributor or write lintel Corporation, 3065 Bowers 

Ave., Santa Clara, California 95051. 


ee 


intel delivers. 


Europe: intel International, Rue du Mouiin a Papier, 51-boite 1, B-1160, Brusseis, 

Belgium. Telex 24814. Japan: Intel Japan, K.K., Flower Hili-Shinmachi Easi Bidg. 1-23-9, 
Shinmachi, Setagaya-ku, Tokyo 154. Telex 781-28426. United States and Canadian distributors: 
Alliance, Almac/Stroum, Component Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial 
Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty, L.A. Varah and Zentronics. 
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TS Series 

very long contact 

ife. Very low insertion 
force. Ideal for in- 
oming inspection. With 
14 to 40 contacts. Also 
strip sockets up to 
21 positions. 


NEW! ICL Series 

26% lower profile—.150" 
Ideal for high density, high 
volume configurations, 
provides maximum vibration 
resistance. Solder type, single leaf 
“side-wipe” contacts. 8 to 40 contacts. 


, A Ww ivs i oe 
ie | 4 
Le — 


RN HIGH RELIABILITY eliminates 
trouble. “Side-wipe” contacts make 
100% greater surface contact with the 


IC Series 
moderate cost, long life. 


ICN Series high eliability general- wide, flat sides of your IC leads for Designed for general test and 
Purpose sockets. Low insertion positive electrical connection. burn-in up to 350°C. 
force allows automatic IC insertion. a With 14 to 40 
In solder or wire-wrap. 6 to 64 om a contacts. 
contacts. Dual leaf - 

“side-wipe” contacts. °° ; 

- y 
- 
- 
— . 

ICA Series i ICN/S2 Series 


lowest cost burn-in 

socket available 
Signed to accept IC 
action tool. With 8 to 40 


high reliability pin 
socket contacts. Low 
profile in solder 


Or wire-wrap. Eontacts, with strip sockets 
8 to 40 contacts. up to 25 positions. 
WRITE TODAY 
for latest R-N “S 


«+» Of R-N production DIP sockets. Contains 
full specs, dimensions and material data. 
Get yours now. 


TROIS UN Ss OMT 
MYO EMT, MOE: 


ROBINSON-NUGENT, INC. © 800 East Eighth Street» New Albany, Indiana 47150 e Phone: (812) 945-0211 
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COMMUNICATION CHANNEL 


Interface Improves Printer 
System Capabilities 


Full duplex serial data communica- 
tions interface pac-11/sp1 for medium 
to high speed line printer subsystems 
is designed especially for asynchro- 
nous and bisynchronous data com- 
munications systems. The micropro- 
cessor-based unit has a minimum lk 
resident memory, and is compatible 
with the pec pi-11 and pu-11 single/ 
multiple line asynchronous interfaces, 
as well as other minicomputer serial 
controllers, multiplexers, and_ intelli- 
gent terminals. Current loop and EIA 
Rs-232-c versions are available. The 
interface is furnished by Digital As- 
sociates Corp, 1039 E Main St, Stam- 
ford, cr 06902. 

The device is designed to operate 
under all popular communication pro- 
tocols. A self-test feature -with local 
loopback simplifies pinpointing trou- 
ble spots. Unit is available self .con- 
tained, including power supply, for 
use with existing printers, or in a 
single-board version integrated into 
a new data communications printer. 
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System Option Tests 
IPARS/PARS Protocol 


A special option for INTERSHAKE® 
data communications diagnostic test 
system is designed for testing the 
IBM IPARS/PARS (international pro- 
grammed airlines reservation system) 
protocol. rPaRs/PARS is common to 
most such systems, but there are 
minor variations within each. Atlantic 
Research Corp, 5390 Cherokee Ave, 
Alexandria, va 22314, says that the 
Intershake system is the only com- 
mercially available interactive tester 
programmed to handle these varia- 
tions. Compatible with virtually any 
terminal type used in the network, 


the unit can be connected as an on- 
line passive monitor without disturb- 
ing the system. Basic programmability 
enables network monitoring, or se- 
lective emulation of either cpu or 
terminal. 

Unit can be programmed in IPARS 
language or IPARS HEX, rather than 
reverse line HEX, using the system’s 
keyboard and program development 
editor. Data and/or control char- 
acters are displayed on a 9” (23-cm) 
1024-char crt in either normal lan- 
guage, IPARS HEX, or reverse line HEX. 
Unit incorporates 62-char quick 
brown fox message, plus line control 
and st (state of manual input) char- 
acters. In addition to 1pars the system 
will also handle as standard ascu, 
EBCDIC, EBCD, Selectric, and BAUDOT 
codes at rates from 45 to 256k bits/s. 
It also accommodates as standard ssc, 
spLC, and ppcmp protocols. Optional 
data recorder can selectively record 
500k chars for later analysis. 

Among the system’s capabilities in 
the 1PARS/PARS environment are mea- 
surement of error rate/throughput 
using live cre (cyclic redundancy 
check), and measurement and display 
of system response time with thresh- 
olds for alarm conditions. 
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Communications Processor 
Provides High Throughput 


cc-85, with microcontrol architecture 
and an instruction lookahead cache 
memory, has an internal cycle time 
of less than 90 ns for the highest 
throughput available, according to 
Computer Communications, Inc, 2610 
Columbia St, Torrance, ca 90503. 
The processor can be used with all 
models of Systems 360/370/303X 
and compatible mainframes, and pro- 
vides complex communications net- 
work processing with over 400k- 
char/s capability, approaching 1M 
char/s at peak load times. 

A microprocessor-controlled CRT 
console can be used in system super- 
visor, system monitor, or engineering 
console modes. System supervisor 
mode allows dynamic system reconfig- 
uration and control including §real- 
time assignment of lines and _ termi- 
nals. System monitor provides indi- 
vidual line trace and 4-color readout 
of system line status, alarms, and sta- 
tistics. Engineering mode permits di- 


agnostics, information displays, and 
performance analysis via a direct port 
into the cpu. The cc-85 emulates an 
1BM 270X protocol and can also be 
used as a front-end processor or mes- 
sage switcher. 

Other features include automatic 
rate detection, automatic polling on 
multipoint lines, disc-based opera- 
tions, memory expandable to 512k 
bytes, direct memory access for BSC 
and spic, 8 groups of 16 registers, 
and 32 hardware interrupt levels. 
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Architecture Supports 
Minicomputer Series in 
Distributed DP Systems 


pcA (distributed = communications 
architecture) is now supported on 
V77-600 and V77-800* minicomputers 
in distributed data processing systems, 
according to Sperry Univac, Pp. 0. Box 
500, Blue Bell, pa 19422. The system 
provides an interface to an advanced 
pca network which uses DcP com- 
munications processors. 

Available to the user at an appli- 
cation level is PRONTO, a transaction 
processing module which enables all 
necessary queuing, buffering, screen 
management, and control for UNI- 
SCOPE, TTY, or IBM 3270-type termi- 
nals. Programs written to interface 
with pronto can be developed in 
COBOL, FORTRAN IV, or macroassem- 
bler and can access either sequential, 
indexed, or TOTAL files. 

pcA-compatib!e RBT/RJE supports 
the V77 as a remote batch/remote 
job entry station. Paper peripherals 
are supported with standard print, 


*See Digital Technology Review, p 34. 
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punch, and card read capabilities. 
cRrAM, (global resource access mod- 
ule) provides a basic level access 
method with interface routines such 
as OPEN, CLOSE, GET, and put. The 
user may choose to employ his own 
self contained application interfacing 
to network resources via the capabili- 
ties of GRAM. 

Application management service 
modules manage local network re- 
sources such as lines and terminals, 
provide network console support, and 
allow error logging/recovery and 
other features. Termination system 
and sub-architectural interface mod- 
ules pass data between application 
level subsystems and the communica- 
tions data link. Functions performed 


include message segmentation, se- 
quencing and acknowledgement, pac- 
ing, port presentation services, and 
uptc data link control. 

A device attach facility supplies 
one or more terminal access modules 
(ram) and associated line protocol 
handlers, and supports UNISCOPE 
100-compatible terminals. By includ- 
ing 3270 master and slave handlers, 
a multi-vendor network may be ac- 
commodated in which 3270 terminals 
are linked to an 18M host, while U100- 
compatible terminals are connected to 
a Sperry Univac host. Application 
programs can be written to allow host 
systems to communicate with non- 
native terminals, ; 
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Digital Facsimile Service 
Inaugurated Between 
U. S. and Switzerland 


The first commercial digital facsimile 
service between the v.s. and Europe 
has been introduced by rca Global 
Communications, Inc (rca Globcom), 
60 Broad St, New York, ny 10004, 
and Radio-Suisse Ltd, Berne, Switzer- 
land. Users of the service, called Q- 
Fax, may send and receive messages, 
documents, graphics, engineering 
drawings, and other forms between 
the two countries in less than a min- 
ute. Cost of sending a standard 8.5” 
x 11” (22 x 28cm) document to 
Switzerland is $7. 

Q-Fax service was introduced in 
Mar 1978 between rca Globcom and 
Kokusai Denshin Denwa (xpp) Ltd 
international communications center 
in Tokyo. Subsequently the service 


was extended to Hong Kong and 
Manila. Cost of sending a standard 
size document to the Far East is $10. 
The service operates at 2400, 4800, 
or 9600 bits/s. 

In the v. s., customers of Southern 
Pacific Communications’ Speedfax 
service or of other specialized com- 
mon carriers interconnecting with the 
Q-Fax network may use the same 
procedures for Switzerland as they 
use to send or receive documents to 
or from other Q-Fax locations. 


Guide Provides Data 
for Interstate 
Network Planners 


Rate digests, planning suggestions, 
and a telecommunications reference 


Alls well 
that ends well. 


See page 81 
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manual are available in a one-volume 
guide prepared for those involved in 
the planning and maintenance of large 
or small interstate data communica- 
tions networks. The 350+ page loose- 
leaf “Executive Telecommunications 
Planning Guide” is published by 
Center for Communications Manage- 
ment, Box 324, Ramsey, ny 07446. 
Annual subscription price of $250 
($295 overseas) includes monthly up- 
date service. 

The volume presents a digest of 
rates and descriptions of all services 
from atT&«tT Long Lines, Western 
Union, the specialized common car- 
riers, international record carriers, and 
value-added networks. 

Also provided are charts and tables 
showing patterns of average load and 
call distribution, Erlang and Poisson 
theories of trunk capacity, interface 
and interconnect standards for voice 
and data systems, including modem 
circuits and pin assignments, and 
other data of interest to network 
planners and designers. 

Among entries in the reference sec- 
tion are listings of all vu. s. rate 
centers, mileages between major 
metropolitan areas, and names, ad- 
dresses, and telephone numbers of 
the common carriers. A tariff direc- 
tory, glossary of telecommunications 
terms, and a pending section which 
presents filed but not yet effective 
tariff revisions are also included. 
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International Electronic 
Message Service Set 
for Demonstration 


A demonstration of INTELPOsT (inter- 
national electronic post) service is 
scheduled for early this year. The 
system will ultimately provide for 
high speed transmission and reception 
of facsimile copies of original letters, 
documents, and other data. Channels 
will be established to transmit data 
via satellites between the v. s. and 
Argentina, Belgium, Federal Republic 
of Germany, France, Iran, The Neth- 
erlands, and the v. x. 

INTELPOST is an operation of the 
u. s. Postal Service. Installation and 
initial maintenance of the communi- 
cation circuits will be performed by 
irr World Communications Inc, 67 
Broad St, New York, ny 10004. Data 
rates on the circuits will vary from 
9.6k to 50k bits/s. Dedicated circuits 
provided by irr Worldcom will be 
used to reach the satellite, while high 
speed digital facsimile equipment will 
perform the scanning and printing. 0 
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How can a company 
that makes so many interfaces, 
and delivers them so fast, 
make them so good? 


The finest components. Hand 
assembled. Each skilled MDB 
craftsperson working alone to 
produce a product and submit it 
for testing. That's what makes 
MDB computer interfaces the 
best available, bar none. 


Full year warranty. 


MDB products are so well 
made that we back them up with 
a one-year unconditional 
warranty. Any problem with one 
of our boards, just call. We'll 
solve it over the phone or ship a 
replacement within 24 hours. 
Then repair or permanently 
replace the original. 


In your hands, fast. 

MDB is the leading 
independent manufacturer of 
interface products. We sell and 
service direct here in the United 
States. We have stocking and 
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By using these. 


servicing distributors worldwide. for the computer you’re using. It 
Nine times out of ten we can ship comes complete with pricing! 
within 14 days after receiving 
your order. 


A wide range of products. 


Included in our line are line 
printer and card reader control- 
lers and other plug-compatible 
modules for most computers 
including DEC PDP-11, LSI-11; 
and PDP-8; IBM Series/1; 
Data General Nova and 
Eclipse; Interdata and Hewlett- 5 
Packard computers. All MDB 
products are software com- 
patible or transparent. No 
special diagnostic or oper- 
ating software is needed. 


Moderate cost. 


MDB interfaces are priced 
below host computer 
manufacturer equivalents. Send 
for our product literature portfolio 


SYSTEMS INC. 


1995 N. Batavia St., Orange, 


CA. 92665 (714) 998-6900 
TWX: 910-593-1339 
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Computer Models Designed to Improve 
Performance, Function, and Economy 


Additions to the Nova computer fam- 
ily—models 4/C, 4/S, and 4/X—pro- 
vide performance, function, and price 
improvements over other members 
of the family. In the 4/C designers 
at Data General Corp, Rt 9, West- 
boro, MA 01581 have put the speed 
of a Nova 3 on a single board; the 2- 
board 4/S and 4/X feature 50% higher 
speed than the Nova 3. All models 
were designed to provide a broad set 
of reliability, self-diagnostic and main- 
tainability features, allowing units to 
indicate when and where a problem 
develops to simplify maintenance. 

The cpu board in all three con- 
tains an asynchronous terminal inter- 
face, automatic program load, power 
fail/auto restart, virtual console, and 
optional hardware multiply/divide. 
The microprogrammed bit-slice pro- 
cessor incorporates architectural fea- 
tures of 3 series units, including 
hardware stack and frame _ pointer, 
high speed direct memory access 
(pMa) channel, and 16-level priority 
interrupt structure. 

Processor architecture provides four 
accumulators, stack capabilities, and 
Nova instruction set, extended with 


byte manipulation instructions for 
commercial and communications ap- 
plications, and optional signed multi- 
ply/divide for increased computa- 
tional efficiency. Horizontally micro- 
coded cru implementation allows ex- 
tensive overlap of operations. In the 
/S and /X an instruction prefetch 
processor increases performance by 
looking ahead of currently executing 
instructions to store further instruc- 
tions in a high speed Firo, thus elim- 
inating the fetch cycle in many cases. 

Processors are formed using 2901A- 
type bit-slice elements. The /C uses 
a 48-bit long microword while /S 
and /X units use a 56-bit microword, 
devoting the extra eight bits to con- 
trol of the prefetch processor. This 
processor, implemented with a FIFO 
stack, stores 13 instructions. For ef- 
ficient operation, the stack reload 
instruction is incorporated in the 
cpu's JMP instruction, assuring that 
instructions are loaded in execution 
sequence. 

Accelerated with 4-way interleav- 
ing, the 400-ns memories allow the 
prefetch processor to load instructions 
at 20M bytes/s, and reduce memory 


Block diagram of Data General Nova 4. Minicomputer family 
incorporates prefetch processor and advanced memory architec- 
ture for enhanced performance. Memory features include sepa- 
rate data in and data out buses. Console ROM runs self-diag- 
nostics at power up and allows user to access and modify all 
registers and memory locations 


conflict on memory modification in- 
structions. The result is typical in- 
struction execution times such as 400 
ns for a store and 200 ns for an add. 
Memory boards are available in 32k- 
and 64k-byte increments for the 4/S, 
and 32k-, 64k-, 128k-, and 256k-byte 
increments for the 4/X. The 4/C 
carries 16k, 32k, or 64k bytes on 
the cpu board. 

Resident on the cpu board of the 
/X, the memory management and pro- 
tection unit performs logical to physi- 
cal address translation giving user 
programs access to 256k bytes of main 
memory through four address exten- 
sion tables: two program maps and 
two data channel maps. The unit also 
permits privileged instructions, pro- 
tection for 1/0 devices, and both write 
and validity protection for main mem- 
ory. With rpos software, the MMPU 
makes dual operations possible. The 
protection feature prevents address- 
ing areas outside user space; any 
memory references outside user space 
are trapped before they can interfere 
with another ground or the operat- 
ing system. 

Internal diagnostics run automat- 
ically when power is turned on, or 
is restored after a failure, testing 
cpu, memory, and the prefetch pro- 
cessor. Built-in memory test diagnos- 
tics can exercise main memory at a 
stress level substantially beyond that 
encountered in normal operation, al- 
lowing fast isolation of soft failures. 

System and application software is 
executed under RDOS, RTOS, Or DOS. 
Language support includes ForTRAN 
Iv with 1sa realtime extensions, global- 
ly locally optimizing ForTRAN 5, Busi- 
ness BASIC, single and multiuser ex- 
tended Basic, and ALcoL. Communi- 
cations support includes the communi- 
cations access manager, sensor access 
manager, RJE80, and HAsP It remote 
batch terminal emulations. 

Typical configuration prices include 
$3500 for a Nova 4/C with 64k bytes 
of memory, asynchronous interface, 
automatic program load, power fail/ 
auto restart, and 5-slot chassis. A 4/S 
with the same complement plus real- 
time clock and 16-slot chassis has a 
tag of $7600; and a 4/X with 256k 
memory, floating point processor, 
MMPU, battery backup, 20M-byte 
disc, magnetic tape subsystem, 180- 
char/s printer, and four displays is 
priced at $56,886. All prices are 
single quantity. Deliveries will begin 
by March for /S and /X, by June 
for /C. 
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NEC Spinwriter 
The fluent printer 


NEC Information Systems, Inc. 

Eastern Office: 5 Militia Drive, Lexington, MA. 02173, (617) 862-3120 

Central Office: 3400 South Dixie Drive, Dayton, OH. 45439, (513) 294-6254 

West Coast Office: 8939 S. Sepulveda Bivd., Los Angeles, CA. 90045, (213) 670-7346 


si. Mw GJ xy | om. hs 


FOR RENT...NOW... 


O) Tell me more about B100 and Mini B2 now! 

Call me at____ — — 
Send me a copy of your free illustrated Rental Catalog 

] I might be interested in buying—on a money-back 
guarantee basis—some of your late-model, well-main- 
tained “previously owned” equipment. Please send me 
your Equipment Sales Catalog. 

] Ihave a pressing need right now for the following 


Please phone me immediately at___ 
NAME____ TITLE 
COMPANY — ae 
ADDRESS ea 
i, SARA OR OR sy 4 ZIP__ 
PHONE NUMBER____ EXTENSION____ 
Complete this coupon and return it today to 
REI, 19347 Londelius St., Northridge, CA 91324. 


GSA #GS-04S-21963 Neg © 1978 Rental Electronics, Inc 


More than 12,87 is 
state-of-the-art instruments. 7 
off-the-shelf, throughout North Am 
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Plug Compatible Add-On 
Memory Increases 303X 
Capacity to 16M Bytes 


To provide 18M 303X users with up 
to 16M bytes of memory, Ampex 
Corp, 200 N Nash St, El Segundo, 
ca 90245 has developed the arm- 
303X plug-compatible add-on mem- 
ory. Modularly designed, the memory 
system is self-contained in a compact 
package that installs on a hinge in 
place of a computer cabinet door. It 
is also available as a freestanding unit. 

ARM-3031 and -3032 units have 4- 
way interleaving and are expandable 
in 1M-byte increments; the -3033 has 
8-way interleaving and is expandable 
in 1M-byte increments. All three al- 
low up to 16M bytes in one cabinet, 
and do not require 1M memory to 
be installed. In the field, expansion 
is accomplished with plug-in memory 
boards and add-on card cage. Each 
board has capacity for 256k bytes. 

The memory system consists of 
frame interface logic, memory timing, 
control logic, memory boards, power 
supply, error detection panel, and 
cooling units. A special fault indicator 
panel at the operator console shows 
whether a fault lies in the add-on 
memory or elsewhere. A_ probable 
cause is indicated if the fault is lo- 
cated within the memory. 

Power consumption is rated at 0.9 
kVA at 208 V for the first 2M bytes; 
and 0.4 kVA at 208 for each addi- 
tional 2M-bytes. Heat dissipation is 
2100 BTU/h for the initial 2M bytes 
and 950/h for each 2M-byte addi- 
tion. 
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Distributed Intelligence 
Key to Word Processors 
And Image Printer 


o1s/100 office information systems— 
/130 and /140—multiply the word 
processing power of present systems 
and add information processing po- 
tential. In designing the systems, 
Wang Laboratories, Inc, One Indus- 
trial Ave, Lowell, ma 01851 has 
added distributed intelligence hier- 
archies, allowing a single system to 
expand to 924k bytes of memory, 
with 33 microprocessors distributed 
throughout major components. Pro- 
viding high speed, high quality out- 
put for the series is an intelligent 
image printer that uses fiber optics 


Providing typewriter quality output at 18 pages/min using fiber optics and CRT 
technology, Wang’s intelligent image printer is designed for use with OIS/100 


series word processing systems 


and crt technology to produce docu- 
ments 50 times faster than conven- 
tional typewriters. 

Modularity allows the systems to 
be upgraded to meet growing require- 
ments. Capacity starts with the single 
disc /130 with 10M-byte capacity 
and up to 14 peripheral devices and 
grows to the /140 with three discs 
storing 170M bytes and attaching 32 
devices. A major factor in the ex- 
panded capacity and performance is 
the increase in memory which is avail- 
able within each system component. 
In the distributed intelligence archi- 
tecture, logic, memory, and opera- 
tional functions reside in each major 
component, rather than just in the 
cpu. As an example, each worksta- 
tion contains a 32k-byte memory and 
circuitry that allows it to perform op- 
erator prompting and editing tasks; 
each printer has 16k bytes plus pro- 
cessing circuitry. In addition, both 
units have microprocessors. 

Capable of producing 18 pages/ 
min, the intelligent image printer 
combines fiber optic and crt tech- 
nology with a plain paper, dry toner 
copying process to provide typewriter 
quality copy. It allows type styles 
and sizes to be mixed and vertical 
and horizontal printing functions to 
be combined in a print run. It can 
be operated either as a printer or as 
a copier. 

In use, a computer originated docu- 
ment stored on the system disc is 
transferred through a data channel to 
the microprocessor control unit of the 
printer, which assigns print commands 
and selects font and type sizes. The 
digitized document is converted by 
a character generator into precise 
visual images that are displayed a line 
at a time on the surface of a cRT 


located inside the printer. As each 
line is displayed, it is scanned by elec- 
tronics and converted into a_ light 
pulse read by a fiber optic subsystem. 
Each pulse is transmitted through a 
fiber to twin photoreceptors positioned 
directly above the paper to be printed. 
The light pulse is reconstituted into 
character images that are painted onto 
the paper. Resolution can be as great 
as 90,000 dots/in? (13,949/cm?). A 
dry toner is then electronically bonded 
to the paper, forming each character. 
Selective paper handling capability 
of the machine allows several types 
of paper to be used in sequence with- 
out operator intervention. Since sets 
of documents are printed in sequence, 
there is no need for a collating mech- 
anism. The speed of the unit allows 
it to be used as an output device 
shared by as many as 24 operators. 
Among the other peripherals sup- 
ported by the word processing sys- 
tems are printers, photocomposers, 
telecommunications interfaces, and 
ocr devices. Software provides capa- 
bility to perform sort routines and to 
handle many accounting functions. 
Password security assures confidenti- 
ality of records. 
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64k-Bit RAMs, ECL 100k 
Circuitry Add Power to 
targe Computer Systems 


Technological and design features in 
the V-8600 family provide the per- 
formance and reliability reauired by 
large system users. Among these are 
extensive use of Ect 100k circuitry, 
64k RAM chips, internal transfer bus 
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architecture, and multiple virtual ma- 
chine capabilities. According to NcR 
Corp, Dayton, oH 45479 the V-8650 
and -8670 processors initially forming 
the family are suited to the large vol- 
ume transaction processing environ- 
ment that will characterize the 1980s. 

Extending the flexible architecture 
of the 8500 systems (see Computer 
Design, July 1976, pp 30, 34) to the 
large systems environment, the 8600 
family is based on an internal trans- 
fer bus, a data highway to which all 
other system components are linked. 
Each data path on the transfer bus 
is 32 bits wide and can transfer mes- 
sages between subsystems at a rate of 
72M bytes/s. 

The processor subsystem uses ECL 
100k, an integrated circuit family 
with picosecond gate speeds. The pro- 
cessor cycles at 28 ns and uses a 
pipelining technique for executing in- 
structions. Each instruction is broken 
into segments; multiple segments can 
be processed simultaneously. 

A high speed instruction storage 
unit in the processor stores firmware 
or microcoded instructions which are 
loaded into the system via flexible 
diskette. This firmware interacts be- 
tween the hardware and software to 
give the machine its processing per- 
sonality. The machine can be condi- 
tioned to process statements written 
in a specific programming language, 
providing faster compilation and ex- 
ecution than processors that are not 
language oriented. Processing power 
is further increased by use of a fast 
access buffer or cache memory which 
reduces memory access time by a 
factor of six. 

Two medium scale processors in the 
system control unit monitor system 


elements on a millisecond basis. The 
unit controls two visual displays and 
functions as operator control center 
as well as system diagnostics unit. 
Diagnostics can be performed con- 
currently with normal operations. 

From two to four channel control 
processors in the 1/o subsystem can 
attach to the system bus. These can 
control up to 32 channels, each with 
a 2M-byte/s transfer rate. Channels 
feed directly into a dynamic channel 
exchange switching center that auto- 
matically routes the data flow to one 
of the channel control processors for 
transmission to other system elements. 
This distributed processor design pro- 
vides high reliability and speed. 

Both systems operate with the vir- 
tual resource executive (vrx) which 
provides batch processing, telecom- 
munications, transaction processing, 
data base, and interactive application 
development capabilities. They also 
conform to distributed network arch- 
itecture and can be conditioned to 
operate as FORTRAN virtual machines. 

With 28-ns main processor, 32k 
bytes of cache memory, and main 
memory that extends from 4M to 8M 
bytes, the V-8650 with 4M bytes of 
memory sells for $1,776,500. This 
price includes operator console and 
two 1/o channel control processors 
serving up to 16 1/o channels. The 
dual processor V-8670 provides 128k 
bytes of cache memory and from 
4M to 16M bytes of main memory. 
Priced at $2,555,000 with 4M-byte 
memory, this system includes twin 
station console and 2 channel con- 
trol processors with 16 1/o channels. 
Customer deliveries are planned to 
begin in fourth quarter 1980. 
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High Speed Minicomputer, 
Support for PASCAL 
Added to Line 


Extending the existing V77 line, the 
V77-800 minicomputer represents a 
major performance increase over other 
members of the family. With a 150- 
ns cpu cycle time, the system pro- 
cessor performs arithmetic and logic 
operations on 16-bit instructions and 
data, and uses a 1024-byte 150-ns 
cache memory to speed execution. 
For use on this system and on the 
-600, Sperry-Univac Minicomputer 
Operations, po Box 500, Blue Bell, 
pA 19422 also introduced a multitask- 
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ing terminal oriented operating sys- 
tem that supports the pascaL lan- 
guage. 

Designed both for commercial and 
scientific use, the system operates as 
a standalone unit, frontend processor, 
or as part of a distributed network 
with Sperry Univac and 18M main- 
frames. The cpu has 6k-byte onboard 
control store for sequencing processor 
operations, hardware multiply /divide, 
realtime clock, and power fail/restart 
logic. 

Built-in cache memory is twice as 
fast as the cache that was optional on 
the -600. Support is provided for 128k 
to 2048k bytes of 600-ns memory 


which works in conjunction with 
cache. A 4-byte (32-bit) memory ac- 
cess yields a worst case (cache miss) 
memory access time of 750 ns for 
four consecutive bytes. 

Among the system options are a 
64-bit floating point processor which 
performs both single and double pre- 
cison arithmetic functions. This pro- 
cessor works in conjunction with op- 
timized aNst 77 FORTRAN to provide 
speed and accuracy in scientific ap- 
plications. A writable control store 
option offers up to 12k bytes of 150- 
ns writable control store and 2048 
bytes of P/Rom. 

MEGAMAP memory management 
system, standard on the system, allows 
addressing of up to 2048k bytes of 
memory by dividing the area into 
1024-byte pages which are allocated 
as needed. Operating systems include 
the vorTEX 1 as well as the summit 
system. 

Among the key options of the 
SUMMIT software package are sup- 
port for PASCAL as a component of 
the structured programming system 
and for Qt/77, an inquiry/update 
language used in conjunction with 
the roraL database management sys- 
tem. Another option is the distributed 
processing modules that allow termi- 
nals to access series 90 or 1100 main- 
frames, remote V77 series computers 
and 18M System/370s. 

Terminal operation is supported 
in asynchronous block or character 
mode, binary synchronous block mode 
(3270 emulation), or synchronous 
block mode with Uniscope or intelli- 
gent vuts-400 terminals. Terminal 
management and control capabilities 
include timesharing, transaction pro- 
cessing, online program development, 
remote job entry, remote processor 
access from any terminal, online data- 
base inquiry and update, and a com- 
prehensive security system that allows 
access to data and applications pro- 
grams based on 1s and passwords. 

System Pascat is a high level gen- 
eral purpose language that is appli- 
cable to both numeric and nonnu- 
meric problems; it has the data struc- 
turing capabilities of cosox, block 
structured organization of ALcoL, and 
compact arithmetic expressions of 
PL/1. Its control structures are con- 
ducive to topdown design and struc- 
tured programming techniques. With 
the language, arrays may be multidi- 
mensional and may include arrays of 
arrays. Different data types may be 
combined into a single entity and 
stored as one logical component. 
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One company can cut keyboard costs. 
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Even when their keyboards cost more. 


The most expensive 
mistake you'll ever make 
selecting a keyboard could 
be spending too little. In the 
long run, that adds up to 
cutting corners, not costs. 

So to make sure you 
get the keyboard that really 
meets your needs, 

MICRO SWITCH uses Value 
Engineering. 

Through Value 
Engineering, we look at your 
particular product needs to 
design a cost-effective 
solution to your problems. 
That means designing a 
keyboard that interfaces with 
your total system and meets 
your needs. Precisely. 

It also means we can 
often lower your total system 
cost. For example, we might 
be able to incorporate into a 
keyboard several levels of 
codes that you had been 
paying for separately. And at 
a much higher cost. 

Or maybe customize 


integrated circuits to provide 
you more logic for less 
money. 

Besides giving you cost- 
efficiency, MICRO SWITCH 
keyboards out- feature 
practically every other 
in the industry. 

You can choose LED or 
incandescent lighting. 
Tactile or linear feel. Sealed 
versions for military and 
industrial uses. Alternate or 
momentary action. Encoding 
techniques that'll meet any 
code requirement. 

There are also wired- 
only assemblies or separate 
modules available. And you 
can pick from the industry's 
largest legend library. 

Standard, solid state 
Hall-effect technology 
throughout the line delivers 
reliability no mechanical 
keyboard can offer. Plus, we 
back up every keyboard we 
make with a 1% Acceptable 
Quality Level and a two-year 


warranty. 

It all adds up to quality 
you can put your fingers 
on every time. 

For more information, 
call 815/235-6600. 

With MICRO SWITCH, 
you'll be paying for 
keyboards instead of 
mistakes. 
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MICRO SWITCH products are available worldwide through Honeywell International 
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Our system 
emulates the 8080 and 
the 8085. The Z80. 

The 6800. The TMS 9900. 
And that’s just 
for openers. 


Because 
who has time to learn 
a new system 
when a better chip 
comes along? 


) GRINNELL SYSTEMS 


i 


from low cost imaging and graphics 
to full color image processing 


Our modular, solid state systems 
can meet your computer display 
requirement, easily and econom- 
ically. 

And, they’re intelligent. Every 
system has a complete alphanu- 
merics and graphics package, and 
a powerful instruction set that sim- 
plifies programming—no need for 
complex macro-instructions and 


high order programming languages. 


There’s also a choice of standard 
resolutions: 256 x 256, 256 x 512, 
512 x 512 (30 Hz or 60 Hz refresh) 
and 1024 x 1024. Plus plug com- 
patible interfaces for most minis. 

Options include overlays, func- 
tion memories, pseudo-color tables, 
zoom and pan, independent cur- 
sors with trackball and joystick 
controls, split-screen, image tog- 
gling, and real time digitizers that 
grab and store images and sum 
consecutive frames. 


Grinnell displays are already 
used for tomography, ERTS imag- 
ing, process control, image pro- 
cessing, animation and much more. 
All systems drive standard TV 
monitors. 

So before you choose a display 
system, let our experts show you 
how to maximize performance and 
minimize cost. For details, and/or 
a quote, call or write. 


2986 Scott Boulevard, Santa Clara, California 95050 (408) 988-2100 
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DIGITAL TECHNOLOGY REVIEW 


The structured programming sys- 
tem allows users to enter, edit, and 
compile pAscAL programs for execu- 
tion under the summMir operating sys- 
tem. It also includes a diagnostic 
scheme that allows programs to be 
executed a line, a paragraph, or an 
entire program at a time, with diag- 
nostic aids to indicate both error con- 
ditions and performance information. 

By supporting COBOL, FORTRAN IV, 
FORTRAN 77, RPG U, and assembly Jan- 
guages, the software allows the user 
to choose the most appropriate lan- 
guage for his particular requirement. 
Microprogramming support enhances 
software and hardware performance. 
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Optical Video Disc 
May Meet Future Needs for 
High Volume Data Storage 


Capable of storing 1011 bits of data 
on a 12” (30.5-cm) disc, an op- 
tical disc system under development 
at Rca Corp, Commercial Communi- 
cations Systems, Cherry Hill Offices, 
206-1, Camden, ny 08101, is ex- 
pected to meet future needs for archi- 
val mass storage of data. The system, 
as described by G. J. Ammon of The 
Advanced Technical Laboratories, in 
a paper entitled “Wideband Optical 
Disc Archival Data Storage,” records 
information as the disc rotates under 


a laser source that scribes a track by 
melting the surface and leaves pits to 
record data. Unique to the system is 
the proprietary trilayer disc that uses 
a laser sensitive material for record- 
ing and playback. 

The trilayer structure (see Fig 1) 
of the optical disc is formulated to 
provide wideband high snr response 
at low laser recording levels. Fabri- 
cated to operate in an antireflective 
mode, the trilayer section consists of 
a thin metal layer and a reflector 
layer separated by a transparent di- 
electric layer. Thickness of the metal 
and dielectric layers are adjusted to 
allow a component of incident light 


to pass through the metal layer and 
reflect back so that it is out of phase 
and: equal in amplitude with the re- 
flected component of the incident 
beam. This results in near complete 
cancellation, while the trilayer struc- 
ture absorbs essentially all of the in- 
cident laser radiation. Efficiency is fur- 
ther enhanced by SiO, thermal bar- 
rier layers around the trilayer section 
which insulate it, allowing absorbed 
energy to rapidly elevate the tem- 
perature of the metal layer to the 
melting point. 

To record, the laser source is fo- 
cused on one side of a blank optical 
disc. The disc, which is normally ab- 
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2n Fig 1 Heart of optical 
disc system being devel- 
oped by RCA is proprie- 
tary trilayer structure that 
provides wideband SNR 
response at low laser re- 
cording levels 


Fig 2 Optical disc re- 
corder/player records 
data as disc rotates under 


laser source. Motor driven 
turntable and tachometer 
maintain 1800 r/min, stor- 
ing up to 10” bits of data 
which can be played back 


immediately using low 
power laser and photode- 
tector 
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sorptive and appears black, is rotated 
so that a laser spot scribes a circular 
track on its surface. Raising the laser’s 
power above the disc’s record thresh- 
old causes the absorptive layer on 
the disc to be melted away, thus ex- 
posing the second reflective layer. By 
modulating the laser, the process can 
be used to record a series of reflective 
pits whose lengths vary with the time 
of exposure. Playback is accomplished 
by operating the laser at a constant 
level below the disc’s record thresh- 
old and detecting the reflected op- 
tical signal with a photodiode. 

Data to be recorded are loaded into 
the input buffer (see Fig 2). This 
buffer provides expandable storage to 
handle asynchronous data at differ- 
ent rates and serves to block and add 
address and header information nec- 
essary for data access and synchro- 
nization during readout. 

EDAC/scrambler circuitry mixes data 
to disperse long burst errors encoun- 
tered in the record/playback process 
and adds error detection and correc- 
tion check bits for subsequent error 
control. The encoder converts the in- 
coming NRz data stream into a modu- 
lation format which matches channel 
characteristics of the optical disc and 
allows maximum storage density. 

Data verification is accomplished by 
reading data with the second laser 
after recording. This laser’s output is 
coupled into the optical path of the 
record system to illuminate the data 
track just after the point of record- 
ing. Detected data are decoded, de- 
scrambled, and corrected in the EDAC/ 
decoder, and the resultant nrz data 
stream is compared to the original 
stream (delayed in the input buffer). 
Blocks having uncorrected errors are 
refed to the scrambler and rerecorded. 

During data readout, only the read 
laser is activated and the detected 
signal is processed as in the read after 
write function. Data are checked by 
comparing read address information 
to that on the address input, with 
data from the proper track being held 
in the output buffer until transfer is 
reauested. 

This recording method has obvious 
advantages over magnetic storage 
media—cost of the media is low and 
density is high. With proper modula- 
tion coding and error processing, the 
system can store 101 bits of data on 
a 12” (30.5-cm) disc with single 
channel data rate of 50M bits/s and 
error rate of 101°. Efforts are con- 
tinuing on development of an archi- 
val digital data storage system. 

Circle 145 on Inquiry Card 
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Packaged Systems Meet 
Varied Configuration 
Requirements 


In the System 1, 04, and 34 families 
of packaged systems Plessey Periph- 
eral Systems, 17466 Daimler, Irvine, 
ca 92714 offers a variety of configu- 
rations to provide users with sub- 
stantial savings. Based on ppp-11 pro- 
cessors and available with pec oper- 
ating systems, the packages are de- 
signed to meet specific configuration 
needs. 

System 34, for high volume data 
processing users, is based on the ppp- 
11/34A central processor with 64k- 
byte Mos memory, programmer con- 
sole, asynchronous serial interface 
with realtime clock, disc controller, 
bootstrap loader, and bus termina- 
tion. Providing such features as ex- 
tended instruction set, self-test diag- 
nostics, and memory management, the 
packages include 5M-, 10M-, 62.4M-, 
or 256M-byte disc drives and have 
main memory expandable to 256k 
bytes of Mos or core. 

Running under pecs rt-ll, 
RSx-11M, and rsts/k, or Plessey’s Pcs- 
001, each system can provide all 
features of an RT-11 single user sys- 
tem plus a timesharing monitor. Pcs- 
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Entry Level System 
Adapts to RJE or 
Standalone Use 


The Meta 4/5010, in addition to 
being suited to use for remote job en- 
try as well as a standalone processor, 
provides a price/performance ratio 
and comprehensive instruction set 
that are attractive to system integra- 


tions. An entry level system, the 4/_ 


001 enables sasic, FORTRAN, and 
DIBOL programs to run concurrently 
on different terminals. With the ap- 
propriate operating system the ma- 
chines can run under FORTRAN Ivy, 
FORTRAN Iv-Plus, DIBOL, BASIC-Plus-2, 
and cosot-11. 

Designed for users requiring in- 
creased speed, the 04 family uses the 
ppp-11/04 processor with program- 
mer console, is equipped with 5.25” 
(13.34-cm) chassis and 64k bytes of 
addressable Mos or core memory, and 
offers the choice of floppy or cartridge 
disc unit. Running under the nrsx- 
11M multiuser, multitask operating 
system, the unit can operate on 
FORTRAN, BASIC, BASIC-Plus-2, and 
cosot-11 programs. 

Complete general purpose mini- 
computer systems, the System 1 fam- 
ily is constructed for use in demand- 
ing environments. Built around the 
usi-11 based micro-1/03 with up to 
64k memory, the system is available 
with dual floppy drives or 5M- or 
10M-byte disc drives, and is packaged 
in a 29” (73.66-cm) high cabinet. The 
processor features an extensive in- 
struction set and operates under rT- 
11 for single user access, or Tsx, an 
executive program that permits time 
sharing under rt-11. Languages in- 
clude FORTRAN, BASIC, and DBL. 


Economical System 1, designed 
around Micro-1/03 by Plessey, 
is constructed to withstand de- 
mands of factory and warehouse 
environments 


5010, announced by Digital Scientific 
Corp, 11425 Sorrento Valley Rd, San 
Diego, ca 92121, also incorporates 
the sENTRY power and environmental 
monitoring system that contributes to 
system reliability. 

Standard system accommodates up 
to 64k bytes of main storage using 
n-channel RAMs. Memory cycle time 
is 500 ns with each memory word in- 
cluding two data words plus one par- 
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yantex 


672,000 BYTE 


TAPE DRIVE 
FOR 3M DC100A 
DATA CARTRIDGE 


MODEL 200 MINIDRIVE™... 
The most compact tape drive ever... 


Large, up to 672,000 bytes capacity... 
Recording on one or two tracks... 
Read-after-write capability... 

3M DC100A or ITC TC-150 Data Cartridge... 


High transfer rate, up to 48,000 bits-per- 
second... 


Low power requirements, +5 and + 12 
Volts DC only... 


High electrical and mechanical reliability... 


Flexible configurations range from basic 
OEM building blocks to complete tape 
memory systems... 


Optional electronics and mounting 
hardware... 


From $250 in single unit quantities... 
Contact us today for complete details... 


Qantex Division of 

North Atlantic Industries 

60 Plant Avenue, Hauppauge, NY 11787 
(516) 582-6060 TWX 510-227-9660 
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ity and one protect bit.. Expansion 
beyond 64k is achieved using an op- 
tional similarity package. 

The 5010 is a 16-bit word length 
system that can directly address all 
storage. The machine’s mnemonic in- 
struction set includes a subset of com- 
mands for emulating mM 1130 or 
1130 type systems. Software packages 
for simulating 13m 2780, 3780, and 


Give your 


PDP-t1a Calendar. 


some 3740 model terminals operating 
with /370 series, Amdahl, and Intel 
systems are available. In addition, the 
unit can perform RyE functions to 
Univac 1100 series systems operating 
under Exec 2 and 8 operating systems 
and to Control Data systems operat- 
ing on uT200 terminals. Communica- 
tion with any system supporting bi- 
synchronous communications at rates 


When you equip your computer with a TCU-100, you'll 
automatically have the date and time available when 


you power up. 


It’s an easy way to keep track of downtime, too. 
Furthermore, you can use the unit like an alarm clock. 
Set it to interrupt at preset times—or at intervals as 


short as 1/2048 second. 


TCUS are shipped preset to your local time, but 
can be set to any time you want by a simple software 
routine. The built-in battery back-up is good for months 


with out computer power. 


For the LS/-11 user, we offer the TCU-50 — the 
same reliable timekeeper without the interrupt capa- 
bility. With either unit, time is cheap. The TCU-100 is 


just $495. And the TCU-50 is only $325. 


Time is only one way we can help you upgrade 
your PDP-11 or LSI-11 system. We'd also like to tell you 


about the others. 

So contact Digital 
Pathways if you’re 
into -11’s. We are too. 


<*> 


DIGITAL PATHWAYS INC. 


4151 Middlefield Road + Palo Alto, 


California 94306 » Telephone (415) 493-5544 
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to 9600 baud is possible. The pm-2 
operating system includes an assem- 
bler and FORTRAN compiler; an ex- 
panded rorTRaN compiler is available 
as an*option. 

In a minimum configuration, made 
up of cpu, realtime clock, 1/o facility 
to accommodate four 1/o controllers, 
16k bytes of memory, 600-card/min 
reader, 300-line/min printer, and 1M- 
byte cartridge disc, price is $43,300. 
A communication oriented system ex- 
panded to 32k bytes of memory and 
providing a binary synchronous com- 
munications adapter and 18M 3780 
support is priced at $48,900. 
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Cross Assembler Cuts 
Time Needed to Program 
Graphics Display Systems 


Cross assembler software written in 
FORTRAN Iv reduces the time and ef- 
fort needed to translate and develop 
programs for graphic display systems. 
Genisco Computers Div of Genisco 
Technology Corp, 17805 Sky Park Dr, 
Irvine, ca 92714 used FORTRAN IV 
in preparing the package because of 
its compatibility with most commonly 
used existing data banks. Provided in 
9-track 800-bit/in (314/cm) mag- 
netic tape format, routines can be 
auto-loaded from host cpu to the 
company’s programmable — graphics 
processor. The package assembles the 
processor’s set of 55 mnemonic in- 
structions. 

The package’s basic syntax defines 
allowable source input characters— 
alphabetic, mnemonic, and special— 
and gives instructions for symbol 
names that may be assigned values by 
an equate pseudoinstruction. Numbers 
may be written in octal, decimal, or 
hexadecimal. Operators and operands 
within an expression are evaluated 
from left to right. Source statements 
may consist of comments, pseudoin- 
structions, or graphics processing as- 
sembly instructions, and may be in 
free format. Each statement is a rec- 
ord in the source input file. 

Pseudoinstructions are directives to 
the assembler that control the assem- 
bly translation process. Assembly rou- 
tines are usually stored in an auxiliary 
memory space and loaded into the 
graphics processor’s buffer for execu- 
tion as overlays. O 
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The SA4000 Fixed Disk Drive. 
The SA4000 Series of rigid disk 
drives are the newest line of low cost 
mass storage products from Shugart. 
Our floppy disk drives have been the 
industry standard for years, and now 
our fixed disk drives are setting new 
standards of their own. Like the 
lowest cost per megabyte in their 
_ Capacity range so you can have up-to- 


bite into your system profits. That means real 
dollars and cents savings to help keep your 
system competitive. SA4000 drives are avail- 
able in capacity ranges that are just right for most 
systems too— 14.5 and 29 megabytes (unfor- 
matted). And when you design our drives into your system, you can be 
sure you've got a system architecture that's compatible with IBM S/32, S/34 
and System 1 fixed/floppy architecture. 


_Thehead 
in cost pe 


Winchester Technology and Two Configurations. 
Shugart fixed disk drives use industry-proven 
Winchester head and media technology to 
preserve your data in its own safe, sealed environ- 
ment. The model SA4004, with 14.5 megabyte 
Capacity, utilizes one disk and four heads. The 
SA4008, 29 mbyte version, has two disks and 
eight heads. Eight optional fixed heads are 
available to give you an additional 144 kbytes 

(unformatted) of head-per-track storage for 
applications such as indexed files or table 

look-up. The SA4000 Series offers an easy 

upgrade too. Keep your floppys for I/O and 
system back-up. Add our rigid disk drives for 
the additional capacity and throughput 

you need to upgrade your operating 

systems and mass storage. 


When You Think Actuators, Think Fasflex |I™ 

Shugart’s new, proprietary Fasflex II"” is another 

result of Shugart’s headstrong commitment 

to R&D. This open loop band actuator is virtually 

wear-proof, and it doesn't require any adjust- 

ments in the field. Heat dissipation? With Fasflex II 

its extremely low—only 200 watts is typical. 

But the Fasflex || acutator is only one of the ben- 

efits you get with the SA4000 series. The drives 

weigh a mere 35 pounds — that's about half 

the weight : comparable units. ene 4 
compact. They use only 5.25 inches o 

panel space, they can be easily mounted in a METAL BAND CAPSTAN 

19-inch RETMA rack. The drives are rugged, 

yet easy to maintain. The PCB and spindle drive motor are open and accessible 

on the underside of the drive. No preventive maintenance is required. 


of its class 
megabyte. 


And If You're Looking at the Bottom Line. SA4000 drives are easy to integrate into 
your system. The drives utilize a simplified interface which can be easily ‘cinco into your 
system. In addition, you can use the same power supply for er) 
both the SA4000 drives and floppy drives, since they - =— 
have the same voltage requirements. Want to get on-line 
quick? Our new SA4600 controller handles up to four 
SA4000 drives with an option to control up to four single or 
double density floppy disk drives. Bottom line? Lower 
overall system cost. So now's the time to design a classy 
system with the head of its class—the compact, reliable, 
low cost SA4000. Shugart Associates, Headquarters: 
435 Oakmead Parkway, Sunnyvale, California 94086 
(408) 733-0100; West Coast Sales/Service: (408) 
252-6860; Midwest Sales/Service: (612) 574-9750; East 
Coast Sales/Service: (617) 893-0560; Europe Sales/ 
Service: Paris (1) 686-00-85; Munich (089) 17-60-06. 


Y*.shugart 


The Headstrong Company 
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The largest selling color-graphics terminal in the world. 


The Intecolor 8001G is helping Bailey Controls, EMC Controls, Dow Chemical, 
ACCO Bristol, and PPG Industries improve process control systems through 
color Because color communicates better, Throughout major industries the 
aii over, ISC Hane OBStRe ?4 hours a day, seven days a week, improving and 
ehining Control systems 
Check the prs feaoe ed fteatures of the Intecolor BOO1G: expanded hardware 
and soltware graphics, 48 lines by 80 characters with two different character 
heights, 6 foreground colors plus & background colors tor greater definition, 
haracter and line insert and delete, page roll-up; 64 standard ISA character, 
plotting capability on a 160 by 192 matrix, expanded keyboard with Cursor and 
olor controls, and 19" display (high resolution and 25" tubes available at 
slightly extra cost) 
Its just “$1,500 (cash-with-order), and is backed by a 6-month warranty 
Guaranteed delivery of your Intecolor 8001G evaluation unit within 30 days or 
° your money back. The same price goes tor orders of 100 units or more. The 
Intecolor BOO1G. tH IS PEOve your sys tem and put you ahead of your competition 
without outspending them. Call your 
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ISC SALES REPRESENTATIVES: AL: 205/883-8660, AK: (GA) 404/449-5961, AZ: 602/956-5300 GA) 404/449-5961, CA: Lc 
805/964-8751, Irvine 714/557-4460, Mountain View 415/964-9300, San Diego 714/2¢ : 759-0809, CT: 
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DIGITAL CONTROL AND 


AUTOMATION SYSTEMS 


Compact Controller Manages 
Industrial Systems in Real Time 


Applications of realtime measurement and control are 
almost universal in scope. Relatively small samplings 
within a laboratory environment would include monitor- 
ing of experiments, medical and biomedical research, 
analytical instrumentation, and product development. In- 
dustrial areas might include product testing and quality 
control; sensor based monitoring and alarm; logging, 
plotting, and display; process simulation; and pilot 
plant process control. 

One system that has met the fundamental measure- 
ment and control requirements but that was never widely 
distributed has served as the prototype for a next gen- 
eration system that is to be marketed. MACSYM I, used 
in a number of measurement and control applications 
under evaluation conditions, has now been superceded by 
MACSYM II (see Computer Design, Dec 1978, pp 164- 
165) ; both systems were developed and manufactured by 
Analog Devices Inc, 365 University Ave, Westwood, MA 
02090. 

Some of the applications of the MACSYM I controller 
include testing of battery cells to determine expected 
life, controlling the temperature of the water in jacketed 
tanks, and controlling the temperature of autoclaves. 
Information gained from these systems was used in the 
development of MACSYM II. 


Battery Research 


Three primary functions are performed during the life 
testing of storage cells: providing alternate cycles of 
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constant current charge and discharge of the cells; re- 
moving fully charged or discharged cells from the circuit 
to prevent damage while others are still in operation; 
and acquiring voltage vs time data for each cell, manipu- 
lating the data, and presenting the final data in tabular 
and graphic forms. The basic system configuration for 
performing long term life tests of experimental cells is 
shown in Fig 1. 

In this case, the controller furnishes constant current 
to the cells under test in either direction by switching 
load resistors and controlling the direction and magnitude 
of a programmable power supply. A shunt resistor pro- 
vides feedback information for precise current setting. 
During the charge cycle, the controller periodically 
checks the voltage across each cell, and when the voltage 
reaches a preset level, disconnects that cell from the 
circuit to prevent overcharging. The same process dis- 
connects discharged cells from the circuit during the 
discharge cycle. Cell voltages are periodically sampled 
and the readings stored on a floppy disc in each cycle. 

Because all test functions are performed in a con- 
tinuous operation, software completes all control func- 
tions and performs necessary data reduction concurrently. 
It also presents a hard copy of the data when requested. 
The entire program is written as a series of independent 
tasks for each of the three functions. 

MACBASIC, the multitasking programming language 
used, also provides a full set of graphic commands. That 
enables researchers to obtain fully annotated plots of 


Fig 1 


Battery cell life test system. Con- 
troller provides alternate charge and dis- 
charge cycles to cells under test, varies 
magnitude of current, and acquires volt- 
age vs time data 


AT 


To compare productivity in LSI board testers, take 
their three common operations: diagnosing, testing, and 
programming. Now, to each operation apply the basic 
measures of productivity: cost, throughput, and quality 
of testing. 


The L135 has the highest diagnostic 
throughput, the lowest operating cost. 
No other test system comes even close. 


1. The L135 finds bad LSI devices 


on long buses. 

The Electronic Knife does it. It takes just a few more 
probes after regular guided probing finds the failing bus. 
Without the Electronic Knife, you’re faced with trial and 
error replacement of LSI chips. Or skilled technicians 
tying up the system for an hour or more per bad IC. 


See the full line of Teradyne test equipment at 
NEPCON WEST in Anaheim (Booth 449-450). 
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TWELVE REASONS 
WHY THE LI35 IS THE 
MOST PRODUCTIVE 
LS] BOARD TEST SYSTEM | 
YOU CAN OWN. 


— 


2. The L135 makes fewer diagnostic 
probes —by an order of magnitude. 


State-sensitive trace does it. Most LSI boards are loaded 
with multi-input LSI chips linked through “wired-and” 
bidirectional buses. These often require hundreds of 
diagnostic probes per fault. State-sensitive trace cuts the 
number dramatically. 


3. The L135 produces immediate 


probe commands. 

The on-line circuit model with a large random-access 
memory does it. With circuit structure immediately 
accessible, the operator does not wait for commands 
between probes. Other test systems that use fault dic- 
tionaries often delay each command several seconds, 
adding minutes to each diagnosis. 


4. The L135 mechanizes probing. 

The M150 Automatic Prober does it. Seven to ten times 

faster than a human operator, the M150 speeds up board 
diagnosis even more because its operation is both error- 
free and fatigue-free. 


COMPUTER DESIGN/FEBRUARY 1979 


The L135 delivers the highest quality of 
testing, thereby slashing costs for diagnosis 
later at systems test and service out in the field. 


5. The L135 emulates LSI-board - 
operating environments. 

5-MHz clock-rate testing does it. To ensure adequate 
board quality, you usually have to run LSI boards at clock 
rates as the last step in testing. Only the L135 provides 
test rates of up to 5-MHz, the speed of many microproc- 
essors seen in today’s products. 


6. The L135 emulates and tests 
CPU sets. 
Multiple drive/compare phase control does it. During 


clock-rate testing, the test system must first replace the 
CPU set and then test it at speed. The associated micro- 
processors usually receive multi-phase inputs and gener- 
ate multi-phase outputs. The L135 provides the neces- 
sary, easy-to-program, precise phase controls over 
driver inputs and comparator strobing. 


7. The L135 tests and diagnoses 
analog circuits. 

Integrated ac-dc-parametric capability does tt. The L135 
offers many analog force-and-measure functions through 
matrix connections, all completely integrated into system 
hardware and software. If these capabilities aren’t inte- 
grated into the test system, they must often be added to 


accommodate the increasing analog content of LSI boards. 


That prolongs test time and slows diagnosis considerably. 


8. The L135 tests at dc and clock-rate 
on the same channel. 

All-speed pin compatibility does it. In clock-rate testing, 
high-speed tests are usually applied on the same pins 
tested earlier with dc. The L135 allows you to apply both 
types of tests at the same system channel, eliminating 
the need for awkward switching or extra channel capacity. 


9. The L135 has enough clock-rate 
channel capacity for the big jobs. 

432 I/O pins does it. Big LSI boards have upwards of 

250 edge-connector pins, all active. In addition, you need 
simultaneous access to dozens of internal test points and 
devices invisible to the edge connector. The L135 offers 
the highest clock-rate channel capacity, enough for all 
foreseeable LSI boards. 


CHICAGO (312) 298-8610/BOSTON (617) 969-6300/SUNNYVALE (408) 732-8770 
LONDON WEYBRIDGE 932-51431/MUNICH (089) 33 50 61/PARIS 073 1698/99/TOKYO (03) 406-4021 


10. The L135 cuts total 
programming time. 

The P400 Automatic Programming System does tt. 

The P400 automatically generates all the dc patterns and 
diagnostic data for the toughest part of most LSI boards: 
the jungle of random digital logic, as well as those por- 
tions containing modeled LSI devices. Total program- 
ming time is shorter. The best of the so-called “auto- 
mated test generation” techniques offered by other 
systems still require manual pattern-writing. That takes 
longer and costs much more. 


The L135 cuts the time needed 
to get products into the production line and 
out to the market place. 


11. The L135 cuts system time 

for debugging. 

Immediate-response debug software does it. During test- 
plan debugging, the L135 responds to the test engineer’s 
commands and displays results immediately. Total 
debugging time is cut to a fraction because the test 
engineer is not distracted by system delays; he can con- 
centrate on his circuit and his test plan. 


12. The L135 readily assembles 

the many parts of LSI test plans. 
Structure-merge programming does it. Test plans origi- 
nate in many places: manual patterns and circuit models, 
learned data from known good boards, circuit and device 
simulators, automatic pattern generators, etc. The 
L135’s structure-merge software and its straightforward 
protocol assembles them all into a coherent package, 
saving your engineers hours of tedious and costly work. 


For more information on these and other L135 features, 
contact your local Teradyne Sales Office or call any of the 
numbers listed below. 


FERADYNE 
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THERMOCOUPLE 
DIGITAL 
es INPUT 
CARD 
HOT WATER 


DIGITAL 
OUTPUT 


4-20 mA 
CURRENT LOOP 


DIGITAL 
INPUT 


COLD WATER 


DIGITAL 
OuTPUT 


(REFERENCES TO CARDS, INPUTS, AND OUTPUTS ARE CONNECTIONS TO CONTROLLER) 


AUTOCLAVE 


STEAM 


Fig 3 Autoclave temperature control system using 
MACSYM | controller. Data logger conditions signals 
from 12 thermocouples to provide ASCII input to con- 
troller. Output from controller opens or closes steam 
valve 


such information as charge and discharge curves and 
capacity vs charge cycle plots for each cell. 


Water Jacket Temperature Control 


Fig 2 illustrates an application in which four water 
jacketed tanks are independently temperature controlled 
by introducing either hot or chilled water. A thermo- 
couple on each tank senses the temperature variations 
and individual pairs of solenoid valves control the flow 
of water. 

A temperature profile is predetermined for each tank. 
Whenever the temperature as measured by the thermo- 
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THERMOCOUPLE 
CARD 


Fig 2 Water jacket temperature con- 
trol system. Temperatures of four 
tanks are independently controlled by 
flow of hot or chilled water. Signals 
from cards in controller open or close 
pair of valves at each tank 


couple is outside that profile either the hot or the chilled 
water valve is activated. If the temperature remains within 
the setpoints of the profile, both water valves are shut off. 

Hot water is provided from a holding tank containing 
a thermocouple temperature sensor and a proportional 
heater with a 4- to 20-mA current loop input. Chilled 
water is supplied by a similar tank that contains a re- 
frigeration unit. Level sensors in both holding tanks 
control the position of the 2-way valve on the single 
line for water return. 

All sensors and actuators interface directly with signal 
conditioning cards in the controller chassis. This elimi- 
nates the need for separate signal conditioners and their 
additional wiring. 

Capabilities of MACBASIC enable each of the control 
functions to be implemented in realtime tasks. All con- 
trol loop algorithms as well as full facilities for online 
troubleshooting are handled easily by the general purpose 
language. 


Control of Autoclave Temperature 


Drug manufacturers have a basic problem in controlling 
autoclave temperatures so as to provide proper steriliza- 
tion of contents without damage to contents caused by 
excessive temperatures. Also, federal regulations force 
them to maintain accurate logs for each batch processed. 

To meet all these requirements, a major drug manu- 
facturing firm uses the system shown in Fig 3. Twelve 
thermocouples are distributed throughout the batch being 
sterilized. Signal conditioning is provided by a data log- 
ger that supplies a serial ASCII input to the controller. To 
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No one can let you 
plug in to Colorgraphics 
as easy as... 


Color adds information and clarity to any display 
Color increases operator efficienoy In every appheation, 
color works harder 

Now, Colorgraphics trom Ramtek makes tl easy 
for you to upgrade your terminals 


Easy, because conversion is as simple as unplugging 
the old and pluqaing in the new 


Easy, because writing programs 18 so Finding out more ts just as easy Call your nearest 
uncomplicated you can be displaying your first Ramtok Office Or write: Ramtek, 585 N- Mary Ave 
colorqraphies in halhanshour Sunnyvale, CA 94086 

Easy, because Colorgraphics ts the only complete The complete terminal family is ready to plug in 
family of raster scan colorgraphics terminals A. The 6110. our lowest priced true colorgraphics 

Easy, too, because stand-alone colorqraphics torminal & The 62004. more capabilities per dollar than 
lorminals let you develop your color software without any comparable terminal C. The 6310, the highest 
costly CPU overhead rosolubion raster sean color terminal made 


ramtek 


Our experience shows 
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In logic design, production or service, 


depend on HP for your 
testing and troubleshooting solutions. 
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maintain a temperature within proper limits, the control- 
ler opens or closes a valve that allows steam to enter the 
autoclave. 

At the beginning of each sterilization run, the operator 
is prompted to enter basic information such as drug 
type and batch number. When this has been completed, 
the controller opens the steam valve and begins monitor- 
ing the thermocouples. At each temperature scan, the 
controller sorts out the highest and lowest reading. When 
the temperature reaches 112 °C, sterilization begins and 
the time is noted. If the reading exceeds 114 °C, the 
steam valve is shut off. Monitoring continues as before, 
along with logging of the data and exception reporting, 
and steam is turned on or off as necessary to maintain 
the proper temperature range. 

The highest temperature is used for control and the 
lowest temperature is integrated until a preset value or 
quality factor is reached. At that point steam is shut off 
to terminate the sterilization process. A full log of the 
run is printed out in conformance to federal standards. 
The log is also stored on floppy disc for a backup 
record. 

Instrumentation engineers using this system were able 
to design and implement the applications software with- 
out having to bring in computer specialists. The soft- 
ware’s multitasking feature enabled them to control four 
completely independent autoclave systems utilizing a 
single terminal as a shared resource. 


Controller Description 


MACSYM I, the controller in each of the three preceding 
applications, is not a fully integrated system and con- 
tains no signal conditioning. As mentioned, it was basical- 
ly a prototype version for the MACSsYM I, which is a 
fully integrated system with signal conditioning, and is 
faster, smaller, and less expensive both in initial cost and 
in implementation (Fig 4). 

In MACSYM II, conventional computer bus architecture 
is used for communication among processor, memory, 
and peripherals (Fig 5). A secondary bus, called the 
analog/digital input/output (ADIO) bus, interfaces to as 
many as 16 apDIo cards. Both buses are managed by an 
intelligent ADIO controller. 

By splitting the system bus architecture in this manner, 
the ADIO controller is the only element in the measurement 
and control group connected to the processor bus, and is 
the only card which must carry the hardware overhead 
associated with interfacing to a processor. As a result, 
the ADIO cards carry little or no overhead for the ADIO 
bus. In addition, the ap1o controller contains all elements 
necessary to perform A-D data conversion, sharing this 
resource among the various ADIO cards in the system. 
Also, because the ADIO bus is isolated from the high 
speed, noisy processor bus, greater accuracy with low 
level analog signals are obtained. 

The manufacturer says that these three advantages re- 
sult in reduced size, complexity, and cost of ADIO cards 
and optimize architecture with respect to speed and 
signal conditioning requirements of measurement and 
control systems. 
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Fig 4 MACSYM II control- 
ler in simulated control sys- 
tem 


COMPUTER BUS 


ADIO BUS 


(UP TO 16 CARDS TOTAL) 


Fig 5 Diagram of MACSYM II split bus architecture. 
Computer bus interfaces to processor, memory, and 
peripherals; ADIO bus communicates with individual 
sensors via I/O cards 


_ | THERMOCOUPLE = 
ToINPUT CARD 5 


STEAM 


Fig 6 Configuration of MACSYM II controller 
system as possible replacement for system in 
Fig 3. Signal conditioning is accomplished in 
controller, eliminating need for data logger, 
and integral data cartridge negates need for 
floppy disc subsystem 


As an example of the improvements inherent to the 
MACSYM II controller, if it were used in the previously 
discussed autoclave application, the data logger could be 
eliminated and the floppy disc subsystem could be re- 
placed by an integral data cartridge subsystem. In this 
case, the thermocouples could be connected directly to 
thermocouple input cards (Fig 6). 

Circle 160 on Inquiry Card 
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Our Wildest Card Yet 


A programmable 16-line multiplexer that 
beats everything in its class* 


PDP-11 users, we have another winner for you. 
This time it’s DMAX/16", our new 
programmable multiplexer for con- 
necting your PDP-11 to 16 
asynchronous serial communi- 
cations lines. DMAX/16 
makes the most of the 11’s 
DMA capabilities to estab- 

oe reas a Pn My lish computer overhead at a 
‘+33 , ii ge Seaham eee level far below that of compet- 
| ’ itive units like the DJ11 and 
DZ11. It also offers software 
compatibility with the DH11... 
in one-fourth the space! 


DMAX 


INE D1) 4 


Now, for the first time, you 
don’t need an expansion 
box or special back 
planes. DMAX/16 
consists of two hex 
boards which in- 

stall easily into 
standard SPC slots 

and connect to the 
current loop or EIA/RS- 

232 panel by separate flat- 
ribbon cable. As many as 16 
units can be placed on a single 
PDP-11 for a total of up to 256 
lines. A DMUX/16" option allows 
modem control for 16 channels. 
DMAX/16 provides complete pro- 
gram control of the lines, each of which 
operates with several individually 
programmable parameters, such as char- 
acter length and number of stop bits. Parity 
generation and detection are odd, even or none. 
The operating mode is half duplex or full duplex. 
Fifteen software programmable baud rates: 0 to 9600 baud — 
plus 19,200 baud — and an external baud rate. Breaks may be 
generated or detected on each line and the unit can echo received 
characters without software intervention. 

Play the wild card now. You'll get top performance and a competitive 
price advantage of at least $1000 along with delivery from stock as usual. 
Write for details and find out why we 
consider ourselves the leader among 
manufacturers of DEC enhancements. 
Able Computer Technology, Incorporated, 
1751 Langley Avenue, Irvine, California 92714. 
(714) 979-7030. TWX 910-595-1729 


Able, the computer experts 


DEC and PDP-1) are registered trademarks 
of Digital Equipment Corporation 


Kyou will save half your bandwidth or run at twice the speed! Able does it again! 
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Control Computer System Dedicated 
to Petroleum/Chemical Processing 


Designed specifically for control and management func- 
tions in the petroleum, petrochemical, and chemical in- 
dustries, the Optrol 7000 process computer system is de- 
scribed as an online process engineering tool. Both hard- 
ware and software are configured for ease of initial op- 
eration according to Applied Automation, Inc, Paw- 
huska Rd, Bartlesville, ox 74004. 

Basic hardware consists of a 32-bit word length 
digital computer with from 256k up to 1M bytes of 
directly addressable core memory, a 10M-byte disc, a 
microprocessor controlled process operator’s console 
(crT display system), a system console, and process 
1/0 equipment. As many as 248 local 1/o units can be 
connected to the control system in any combination and 
remote process 1/0 units are also available. Each local 
unit can control as many as 15 channels of up to 16 
analog, 16 pulse, and 256 digital inputs or outputs plus 
one remote unit party line. 

PROFORM realtime operating software supports as 
many as 16 process operator’s consoles. Engineering 
functions supported include system generation, data base 
building, process calculations, report building, control 
implementation, system modifications, system documen- 
tation, and data collection. 

Circle 161 on Inquiry Card 


1/O System Saves Main Computer Time 
By Collecting and Preprocessing Data 


MODACS III, made up of a Classic 7810 computer, com- 
munications link, direct memory processor, 1/0 con- 
troller, and connectors for digital and analog 1/o inter- 
faces, is said to expand the data acquisition function 
beyond ordinary 1/0 capabilities and save CPU time. 
Rather than merely collecting and transmitting signals, 
it collects and manipulates the data, and then transmits 
the results, thereby relieving the main computer of 
some duties. 

Basic configuration of the system from Modular Com- 
puter Systems Inc, 1650 W McNab Rd, Ft Lauderdale, 
FL 33309 is a standard 19% (48-cm) rack-mountable 
card file with power supplies. Four card positions are 
provided for cpu, controller, and communications link. 
User-specified process 1/0 modules fit into another 16 
positions. 

Each controller can drive up to 4 card files, each 
with 16 option cards, providing a grand total of 2048 
control points. 1/0 variables are transferred to and from 
the CPU memory via the direct memory processor at 
rates up to 100,000 words/s. Since, in operation, the 
only time software intervention is required is to start 
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and stop the block transfer of data, a memory resident 
data base can be set up and maintained with minimum 
software. However tasks can access the process 1/0 
through the data base. 

Almost any combination of digital and contact inputs 
and outputs can be handled, including level analog input 
needs at rates of up to 30,000 samples/s within +10-, 
+5-, +2-, or +1-V signal ranges. A converter decides 
which gain is best suited for the input and automatically 
scales the converted value in the data word. 

Circle 162 on Inquiry Card 


Microcomputer Meets Needs for Small 
Process Control Applications 


Superkim, a single-board microcomputer control system 
from Microproducts, 1024 17th St, Hermosa Beach, cA 
90254, meets the requirements for applications such as 
manufacturing or production line automation, automatic 
machine tool operation, or realtime data collection. It is 
compatible with all Kim-1 software and most KIM-1 and 
Apple 1 hardware interfaces. TTY, RS-232, and cassette 
interfaces are included. Eight latched priority interrupts 
are individually resettable under software control. 
Other features include 1k bytes of RAM with sockets 
for additional 3k bytes, 2k-byte ROM monitor, sockets 
for 8k or 16k bytes of EPROM, power-on reset, 5-V reg- 
ulator, and eight counter timers. The 1/o structure can 
handle eight 8-bit apcs and nine 8-bit 1/o ports. 
Circle 163 on Inquiry Card 


Interface Board Couples Image Sensor 
Cameras to Microcomputer Systems 


Multibus compatible circuit board model rsB-6020 in- 
puts serial digital data from one or two photodiode 
array cameras and preprocesses the data for use with 
Intel sBc80 microcomputer systems. The single board 
camera interfaces, introduced by Reticon Corp, 910 
Benicia Ave, Sunnyvale, ca 94086 for use with its 
cameras, plugs directly into the microcomputer system. 
It allows a full range of microcomputer control power 
to be applied to sensor signals in real time. 

One preprocessing mode permits storing the address 
of each optical transition for one complete line scan; 
a second mode stores the number of diodes in each 
transition group. Preprocessed data are then stored in 
two 512-byte onboard rAMs. While data from a camera 
scan are being loaded in real time into one memory, 
the data in the alternate memory from the previous scan 
can be accessed by the system cpu. A togg!ing scheme 
is used to process all camera scans, without interrup- 
tions, at pixel rates of up to 2 MHz. 

Data, written into the memories in 16-bit format, are 
available to the microprocessor system in 8-bit format 
for ease of processing. The board also furnishes inter- 
rupt signals at the end of each camera scan as well 
as complete handshaking protocol for asynchronous op- 
eration with the microcomputer system. Software listing 
is provided for operation of the interface with sBc80/05, 
/\0A, and /20 single-board computers. 

Circle 164 on Inquiry Card 
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Here’s the ea cost bi-directional 150 cps low cost 


print mechanism you've been waiting for. It’s an ti ) 
80-column dot-matrix impact print mechanism OO! 


with a 7-wire heavy-duty, jeweled head that permits a life of 
100-million characters! The mechanism utilizes an extremely 
simple design to achieve its cost performance and high reliabil- 
ity. It’s the perfect OEM unit for computer output, communica- 
tion terminals, data loggers, and general business applications. 
A sprocket paper-feed mechanism accepts standard 9.5” wide 
multi-ply pin-feed paper. Print line position is adjustable verti- 
cally, and paper can be loaded from the bottom or from the rear. 
Price, in quantities of 500, is $230.00* each. For detailed specifica- 
tions, write or call today. "Domestic U.S.A. price only. 


= C. Itoh Electronics, Inc. 


5301 Beethoven Street, Los Angeles, CA 90066 
Call: 213 390-7778 « Telex: WU 65-2451 

East Coast 

280 Park Avenue, New York, NY 10017 

Call: 212 682-0420 ¢ Telex: WU 12-5059 


C. Itoh means excellence in printers 


C. Itoh Electronics is part of the 118-year-old C. Itoh & Co. Ltd. world-wide trading organization. 
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Measurement/Control Processor Gains 
Extended Data Acquisition Capabilities 


Three optional capabilities for the HP 2240A measure- 
ment and control processor manufactured by Hewlett- 
Packard Co, 1507 Page Mill Rd, Palo Alto, ca 94304 
extend performance of the microprocessor based analog/ 
digital subsystem. This option consists of a ROM set 
that replaces the processor’s standard measurement and 
control firmware. Seven added programming commands 
provide the added capabilities plus other programming 
conveniences. 

Now the processor can transmit acquired analog and 
digital data continuously to an associated computer at 
a rate of 10,000 readings/s at the same time that the 
computer is performing other work. Processor intelli- 
gence effectively decouples measurement tasks from the 
computer’s computational tasks and minimizes the com- 
munications overhead when continuously repeating a 
measurement task to acquire large amounts of data from 
sensors. 

History data acquisition enables the processor to ac- 
quire data and then discard them if an unpredictable 
but critical event does not occur. However, whenever 
the event does occur data leading up to the event, and 
possibly after it, can be recovered. The data, which can 


Volume 


be any mix of analog, digital, or counter inputs, can 
be used for analysis and correlation and may detail 
why the critical event occurred. Only the latest data 
are retained. 

An If-Then programming format eliminates the need 
for computer intervention to alter task execution when 
a change is sensed in the state of the process, machin- 
ery, or apparatus under test. The processor can close a 
process or machine control loop independently of the 
computer when quick response is required to realtime 
changes in the application. 

Circle 165 on Inquiry Card 


Industrial Processor/Console Board 
Ils User Oriented 


Key components of the InMoD-885 processor/console cir- 
cuit board include 3-MHz 8085A microprocessor, 2k- 
byte EPROM monitor, 20-digit keyboard, and 8-digit 
prompting hexadecimal display. The S-100 compatible 
board, from Industrial Modules, Inc, po Box 2985, 
Santa Clara, cA 95051, also includes 256 bytes of RAM 
and can accommodate another 4k bytes of EPROM. 

In addition to the usual 1/o functions, the conversa- 
tional monitor provides memory protect and debugging 
aids. The number of instructions to be executed before 
control is returned to the monitor can be defined by a 
Multi-Step hardware implemented function, while Mullti- 


Break allows a breakpoint for any address combination 
to be defined. oO 
Circle 166 on Inquiry Card 


Introducing two new members in UVP’s growing family of MEMORASE® Eprom 
Erasing Systems. Both offer speed, reliability and outstanding performance. 


For large capacity requirements, the C-90 will erase a 600 chip batch in under 7 
minutes. No preoperative adjustments or tuning are needed. Simply load it, set 
the timer, and forget it. It’s that easy. 

Model C-91 is geared for small systems users and delivers fast, efficient operation 
atan affordable price. It provides complete, thorough erasure of up to 96 chips in 
one cycle in less than 7 minutes. 

Like all UVP products, each MEMORASE System is quality built, and backed by 
nearly 50 years of UV experience and technology. 
Why settle for less? Call or write today for more information. 


New. . . from the research labs at UVP. 


Eprom 
Erasin 


in | 
6.7 
Minutes! 
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More cost efficiency. .. 


Introducing 


Series 


SOLID STATE KEYBOARDS 


More cost efficiency 
you can put your 
finger on... 


Just imagine, a solid state keyboard 
at a price you can afford that de- 
livers MTBF’s in excess of 40,000 
hours, is unaffected by contami- 
nants, has excellent resistance to 
static discharge and EMI, plus high 
speed operation without “misses.” 
Well the keyboard professionals 
have done it again—the Series III 
keyboard. 


That’s right, the SERIES III will 
provide cost efficiencies you can 
put your finger on. It’s designed to 
increase operator productivity and 
performance under demanding 


operational and environmental 
conditions. This means cost effi- 
ciency for you—reduced down- 
time, lower repair cost, fewer ser- 
vice calls, satisfied customers, and 
lower prices. That's total value! 


It’s in the unique 
SS3 ferrite core 
keyswitch 


We've built our reputation on fer- 
rite core switching technology. And 
once again, we’ve advanced our 
technology through the unique SS3 
keyswitch. 


Like its proven and successful 
predecessor, the SS3 keyswitch is 
mechanically simple and contact- 


less. The SS3 is designed with 
fewer parts, lower profile and ex- 
ceptional feel while maintaining 
excellent resistance to environmen- 
tal factors. This combined with a 
100 million cycle life test rating 
offers unsurpassed cost efficiency. 


You have our word on 
quality —Cortron 


All Cortron® Series III Solid State 
Keyboards are 100% inspected and 
tested to insure your specifications 
are met. We’re so sure of our relia- 
bility that we have extended our 
warranty to 2 full years. Let us con- 
vince you. 


We’ve touched on a few of the 
many cost efficiency benefits that 
Cortron Series III Solid State 
Keyboards offer you and your cus- 
tomers. There’s much more we can 
talk about. For full cost efficiency 
details and our Cortron Series III 
Solid State Keyboard brochure, 
write or call Cortron, A Division of 
Illinois Tool Works Inc., 6601 West 
Irving Park Road, Chicago, Illinois 
60634. Phone (312) 282-4040. TWX: 
910-221-0275. Toll free line: 800- 
621-2605. 


fe |CORTRON 


A DIVISION OF ILLINOIS TOOL WORKS INC 


THE KEYBOARD PROFESSIONALS 
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IECI *79 


Philadelphia Sheraton Hotel 
Philadelphia, Pennsylvania 


March 19-20 


Harry W. Mergler 
General Chairman 


William C. Hittinger 
Keynote Speaker 


Paul M. Russo 
Technical Program 


The fifth annual IECI conference and exhibit will be 
a forum for the dissemination of recent industrial 
and control applications of microprocessors. Spon- 
sored by the IEEE Industrial Electronic and Control 
Instrumentation Society, the conference will feature 
80 papers from industry and university in 16 program 
sessions. Authors from Japan, Canada, England, 
France, India, Mexico, and The Netherlands, as well 
as the U.S., will discuss topics including micropro- 
cessor controls for industrial steelmaking, turbine 
steam reheat, sun-following mount for solar photovol- 
taic energy planning, constant current, thyristor con- 
verters, and industrial positioning. 

The first of three panel sessions is scheduled for 
Monday evening. Chaired by V. Huang of Bell Labo- 
ratories, this session will focus on the impacts new 
developments: in microprocessors will have on the 
ongoing 8- vs 16-bit debate. A second evening panel 
on software development and high level language, 


chaired by W. Bennett of Virginia Polytechnic Institute 
and State University, will be held Tuesday evening. 
The ongoing international developments of VIEW- 
DATA-like systems is the subject of a special panel 
session tentatively scheduled for 9-11:30 Tuesday 
morning. 


A keynote address by William C. Hittinger, Execu- 
tive Vice President, Research and Development, RCA 
Corp, will highlight the Awards Luncheon on Tuesday. 
This year’s General Chairman is Harry W. Mergler, 
Case Western Reserve University; responsible for the 
technical program is Paul M. Russo, RCA Laboratories. 


Preconference registration is $75 members, $85 
non-members, and $20 students for the full confer- 
ence, and $40 for one day only. Registration at the 
conference is $85, $95, $20, and $50, respectively. 


Details on the technical program that follows are 
limited to information available at press time. 


Technical Program 


Monday Morning 


Session | 9-11:30 am 


Power Systems 


Chairman: V. F. Rajagaopolan, Universite du Quebec a Trois- 
Rivieres, Canada 


“A Direct Digital Control of a Three-Phase Six-Pulse Cyclocon- 
verter Using a Microprocessor,” T. Fukao and H. Akagi, Tokyo 
Institute of Technology; and S. Miyairi, Tokyo Denki University, 
Japan 
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“Direct Digital Control by Microprocessor of a Dual ac-de Thy- 
ristor Converter,” G. Rooy and A. Ouamar, L’Ecole Nationale 
Superieure d’Electricite et de Mechanique, France 

“Application for Measurements and Analysis of Quenching Phe- 
nomena of Power Circuit Breakers,” Y. Miyazaki, Toshiba Corp, 
Japan 

“A ‘Lookup’ Table Based Microprocessor Controller for a Three 
Phase pwm Inverter,” E. Dwyer and B. T. Ooi, McGill Univer- 
sity, Canada ’ 

“A Microprocessor Based, Waveform-Insensitive, Linear-Output 
Thyristor Controller,” M. B. Broughton and J. D. Wilson, Royal 
Military College of Canada 
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Now, all the best features of low cost, 


low energy, lighted pushbutton switches in a single line. 


LICON 


A DIVISION OF ILLINOIS TOOL WORKS INC 


CIRCLE NO. 44 TO HAVE SALESMAN CALL 


Licon’s Series 05 and 05-6 Series LPB Switches are your reliable, economical 
answer to a wide variety of complicated lighted pushbutton switch requirements. 


They're the ideal LPB’s for applications requiring low level switching and 
economy. Proven, bifurcated silver plated contacts. Recognized for long, 
self-cleaning wiping action. No expensive gold contacts. 


These amazing little switches are highly versatile. Momentary and maintained 
action styles plus lighted and non-lighted versions. Maintained action switches 
offer “dual indication,” i.e., light and lens position. 


And look at our light savers’ exclusive design. Smooth, pleasing “feel”. Snap-in 
bezel mounting for rigid retention. .110 quick disconnect or PC board terminals. 
Rainbow of colored lens cap choices. U.L. Listing. 


05 Series LPB’s fit .625 square panel hole size; accept low cost T 13%4 wedge 
base lamp. Relamp from front panel. 1 Amp., 125 VAC rating. Compatible L.E.D. 
version complete with L.E.D. display lens. 


05-6 Series LPB’s mount in .750 square panel 
cutout. Use versatile front panel replaceable T 134 
flange base lamp. 1 or 3 Amp. versions, 125 VAC 
rating. Lens barriers available. 


For full details, contact your local Licon Salesman or 
Distributor, or call or write for our Switch Catalog: 
LICON, 6615 West Irving Park Road, Chicago, 
Illinois 60634. Phone (312) 282-4040. 

TWX: 910-221-0275. 


© Illinois Tool Works Inc. 1979 
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Biomation's K100-D-- no other 
logic analyzer even comes close. 


No wonder the K100-D is our fastest 
selling new logic analyzer ever. 

It gives you 16 channels, 1024 word 
memory, clock rates up to 100 MHz, 
signal timing resolution to 10ns-plus a 
built-in display and keyboard control. 


Biomation's K100-D puts it all right at your fingertips — 
more performance and features than any logic analyzer ever. 
It starts with the micro- 
processor-controlled key- 
board and interactive video 


display. To give you fast, 
r= wo & precise control, the display 
serves as a comprehensive 


pata eek «= gm COntrol status menu, with 


Gut ea & @ el selectable parameters 


° So eae —— in aby Mane ao 
a single, labelled key 
al = 2 fo & for each function, corre- 
sponding directly to status display choices. So guesswork 
is eliminated. 
For example, in the data domain, you can direct the 
display to read in hexadecimal, octal, binary or ASCII, 
or any combination, by selecting one of four control buttons. 
There's also a unique “sequence” key that enables you 
to rearrange the order in which channels are displayed, to 
aid in data decoding, to simplify side-by-side comparison 
of timing signals and to enable you to cancel any channels 
you're not interested in seeing. A separate key controls 
horizontal expansion. 
That gives you an idea of the K100-D's display versatility 
Here's a picture of its astounding capture capability 


‘SPACE vale 


By providing timing 
analysis of signals as fast 
as 100 MHz, you can 
capture logic signals with 
resolution to 10ns. And 
the 100 MHz clock rate 
protects against obsoles- 
cence as the speed of your 
systems gets faster and 
faster. The K100-D also has 
a latch mode that can 
capture glitches as narrow as 5ns 

With the 32-channel input adapter, the K100-D is ideal 
for exploring the new world of 16-bit microprocessors 
To give you unprecedented analysis capability, there's a 
built-in Auto Stop capability you can use to detect, record 
and display any match (or mismatch) between incoming 
data and previously recorded data held in a reference mem- 
ory. Or using Search Mode 
you can key in a specific 
word and the K100-D will 
find it in memory 

To get the full impact of 
the K100-D, you really 
do need to have it at your 
fingertips. That's why 
we would like to arrange 
a demonstration. Call us 
at (408) 988-6800. Or, for 
more information, write: Gould Inc., Biomation Division, 
4600 Old Ironsides Drive, Santa Clara, CA 95050 


=" GOULD 
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Session 2 9-11:30 am 


Process Control 


Chairman: G. Cook, University of Virginia 

“Microprocessor Control. for Industrial Steelmaking sop Shop,” 
D. L. Browne, Kaiser Engineers, Inc 

“Microprocessor Controls for Turbine Reheat Steam Tempera- 
ture,” J. M. Bukowski and F. Behringer, Westinghouse Electric 
Co 


“A Microprocessor Torque Computer for Gas Turbines,” C. J. 
Rubis, Propulsion Dynamics; and C. R. Westgate and K.-L. Li, 
Johns Hopkins University 

“Automated Liquid Phase Epitaxy. Growth System,” T. Sakata, 
et al, Nippon Electric Co, Japan 


“Microprocessor Application in System Identification,” S, S. 
Sengupta, et al, Indian Institute of Technology, India 


Session 3 9-11:30 am 


Data Acquisition 


Chairman: J. King, Digital Equipment Corp 

“A Microprocessor Based Data Acquisition System,” D. A. Town- 
zen, Kaye Instruments, Inc 

“Remote Collection of Analytical Instrument Data,” L. Grim, 
Oxford, Pa 

“Microprocessor Based Conversion Unit,” P. J. Griffin, Honey- 
well, Inc 


“A (Microprocessor Based scADA Communications Controller,” D. 
E. Woods, Pennsylvania Power & Light Co 


“A Microprocessor Based, Low Power, Data Acquisition System,” 
M. S. P. Lucas and G. L. Johnson, Kansas State University 


Monday Afternoon 


Session 4 
Energy Systems 


Chairman: F. Harishima, University of Tokyo 
“Multi-Microprocessor Applied scapa System for Electric Power 
Systems,” S. Ryusawa, et al, Toshiba Corp, Japan 

“A Microprocessor-Controlled Autonomous Sun-Following Mount 
for Solar Photovoltaic Energy Planning,” C. H. Much, et al, mit, 
Lincoln Laboratory 


“A Multiple Input Residential Power Consumption Monitor,’ 
I. H. Thomae and W. Taylor, Thayer School of Engineering 
“Microprocessor Assisted Cheek Synchronizing,” A. K. Ghai, 
et al, University of Roorkee, India 

“A Microcomputer Controlled Residential Energy Conservation 
System,” S. K. Kavuru and H. W. Mergler, Case Western Re- 


serve University 


2-4:30 pm 


Session 5 2-4:30 pm 


Control Applications 

Chairman: P. Fasang, University of Portland 

“Cogeneration with Utility Demand Control Employing Error 
Adaptive Techniques,” C. W. Ross, Leeds & Northrup Co 

“A New Approach to the Constant Current Control by a Micro- 
processor,” N. Matsui and Y. Tsunehiro, Nagoya Institute of 
Technology; and A. Nagai, Nagoya Dengen-shan Ltd, Japan 

“A Microprocessor Based Resistance Welder,” K. Hyodo, Toshiba 
Corp, Japan 

“Unloader Control System Using Microcontroller,’ M. Araki, 
Toshiba Corp, Japan 

“Microprocessor Energy Controllers for Navy Buildings,” R. I. 
Staab and D. Shiroma, Navy Civil Engineering Laboratory 


Session 6 2-4:30 pm 


Intelligent Instruments 


Chairmen: E. Ohno, Mitsubishi Electric Co, Japan; and P. C. 
Sen, Queens University, Canada 


“A Microprocessor Based Instrument for Particle Size Measure- 
ment,” G. J. Pfisterer, Leeds & Northrup Co 


“A General Purpose IZEE-488 Bus Interface,” S. M. Babb, et al, 
Kansas State University 


“Wind Instrumentation with Microprocessors,” S. M. Babb, and 
G. Johnson, Kansas State University 


“Performance Enhancement of a Heat Stress Monitor Using a 
Microprocessor,” D. J. McCormick, Reuter Stokes 


“A Programmable Waveform Controller,” H. T. Yeh, Oak Ridge 
National Laboratory 


Monday Evening 


Panel Session | 


8- and 16-Bit Microprocessors 
Chairman: V. Huang, Bell Laboratories 


7-8:30 pm 


Tuesday Morning 
9-11:30 am 


Session 7 


Distributed Systems 


Chairman: C. Westgate, The Johns Hopkins University 


“A Distributed Microprocessor Control System for a Continuous 
Fabrication Process,” D. F, Baker, et al, McDonnell Douglas 
Astronautics Co 


“Heliostat Controller,” D. B. Wecker, Carnegie Mellon Institute 
of Research; and G. Mutone, Westinghouse Electric Corp 
“Processor for the Cinematics of Various Machines,” T. Bennani, 
Ecole Superieure d’Electricite, France 

“A Hierarchically Distributed Energy Management System,” C. J. 
Tavora, University of Houston 

“The Cotton-Picking Approach to Computer Systems Develop- 
ment: Parallelization of System Development by the Isolation of 
System Function with Autonomous Microcomputers,” B. Astle, 
et al, Rca Laboratories 


Session 8 9-11:30 am 
Industrial Control Products and Applications 


Chairman: R. Born, Cutler-Hammer Corp 


“A Microprocessor Based Compressed Air Supply System,” N. 
Iwama and Y. Inaguma, Toyota Central Research & Development 
Labs, Inc; and S. Kuroiwa and M. Watanabe, Toyota Motor Co, 
Ltd, Japan 


“A High Performance Rugged Microcomputer for Industrial and 
Process Control,” M. Kausch, et al, Cromemco, Inc 


“Microprocessor Controls for Power Plant Feed Pump Turbines,” 
M. Norman, Westinghouse Electric Co 


“Punched Tape-to-Diskette Transcriber: A Case Study in Micro- 
processor System Development,” I.H. Thomae and B. C. Nourse 1, 
Thayer School of Engineering 


“Servo Application of a Microprocessor Based Stepper Motor 
Controller,” R. E. Boucher, Stanford University 


“Front Panel Programmable Multitask Sequential Controller,” 
L. Reiss, Poland 


Special Panel Session 9-11:30 am 


VIEWDATA-Like Systems 


Chairman: W. J. Ginn, University of Essex, England 


Tuesday Afternoon 


Session 9 
Consumer and Automotive Systems 


Chairman: R. Sherman, Ford Motor Co 
“A Small Viewdata Centre,” W. J. Ginn and F. P. Coakley, 
University of Essex, England 


“An Universal cmos Controller for Washing Machines,” B. Kete- 
laars and P. Tharma, N. V. Philips, Holland 


“A Modern Day Wine Dispensing System,” R. W. Baker, Silver- 
man Associates 


2-4:30 pm 
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“Application of Microprocessors to Converting a Manual Auto- 
motive Transmission to Automatic Transmission,” S.-H. Chung, 
General Electric Co 

“Microprocessor Based Engine Dynamometer Data Acquisition 
System,” W. Dieh] and W. Reynolds, Bendix 


Session 10 2-4:30 pm 


Chairmen: T. Hasegawa, Toshiba Corp, Japan; and P. C. Sen, 
Queens University, Canada 

“A Tc-Less Servo System Using a Microprocessor,” H. Maruyama, 
et al, Mitsubishi Electric Corp, Japan 

“A Microprocessor Based Control System for On-Line Color- 
Intensity Measurement,” K. Yamaguchi and F. Harashima, In- 
stitute of Industrial Science; and H. Naruto and T. Kishii, 
Kyoritsu-Dengyo Co, Japan 

“tpm Series/1 Numeric Control by Positioning System (Ncxy),” 
S. P. Casto, 1mm Corp 

“Microprocessor Based Control for Cigarette Makers,” P, Vlahu- 
tin, Industrial Nucleonics Corp 

“Wafer Slicing with a Microprocessor Based Controller,” D. Van 
Le, et al, RcA Laboratories 

“General Purpose uP Controlled Industrial Positioning System,” 
K. R. D. Tracton, Concordia University, Canada 


Panel Session 2 7-8:30 pm 


Chairman: W. Bennett, Virginia Polytechnic Institute and State 
University 


Session || 9-11:30 am 


Chairman: T. Nagle, Auburn University 

“A Minimal Z-80 Based Adaptive Digital Filter for Intruder De- 
tection,” D. Nickel and M, S. P. Lucas, Kansas State University 
“Summary of New Industrial Application of a Microprocessor to 
Transmission Systems,” M. Bernard, Ecole Superieure d’Elec- 
tricite, France 

“Correlation Flow Measurement of a Cryogenic Fluid by Use of 
a Microprocessor,” O. Tsukamoto, et al, Yokohama National 
University, Japan 

“A Fixed Point rrr for a 16-Bit Microcomputer,” E. E. Walling- 
ford, Royal Military College, Canada; and A. A. Sarkady and 
H. M. Neustadt, usNA 

“A Versatile Low-Cost On-Line Signal Processor Based on a 16- 
Bit Microcomputer,” E. E. Wallingford, Royal Military College, 
Canada; and A. A. Sarkady and H. M. Neustadt, usna 


Session 12 9-11:30 am 


Chairman: V. Stefanovic, Concordia University, Canada 

“A Microcomputer Based Solid-State Direct-Current Controller,” 
F. E. Acker, et al, u.s. Steel Corp 

“A Microprocessor Based prt Speed Control System of Con- 
verter-Fed Synchronous Motor,” H. Taoka, et al, University of 
Tokyo, Japan 

“Harmonic Elimination of Microprocessor Controlled pwm In- 
verter for Electric Traction,” S. Sone and Y. Hori, University of 
Tokyo, Japan 

“A Microprocessor Based Control System of Thyristor Converter 
Fed pc Motor Drives,” T. Izumi, Fuji Electric Co, Ltd, Japan 
“Digitally Controlled Thyristor Current Source,” G. Olivier, et al, 
Concordia University, Canada 
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An intelligent solution to image and graphic display problems 
Higher performance + lower price = optimum systems by Aydin Controls 


THE NEW AYDIN CONTROLS Model 5216 Display Computer is 
the intelligent solution to your graphics and image processing 
display requirements. Why be locked into the limited capability 
‘‘packaged terminal’’ approach now prevalent in the industry? 
The Model 5216 consists of a family of functional hardware and 
software modules from which you may configure a display 
system for stand-alone operation or for integration into your 
system. Simply select those modules which are consistent with 
your application. The Model 5216 provides multi-processing 
capability and multiple buss architecture for separate input/ 
output, display processing, and display refresh functions to 
enhance system performance and flexibility. Whether you need a 
low-end alpha/graphic color terminal or a sophisticated multi- 
image, high resolution image processing display system (or 
anything in between), the Model 5216 display family is your answer. 


SALIENT FEATURES 

* High-performance multi-processor buss architecture © Pixel or 
graphic DMA block mode data transfer (800 nano-seconds per 
16-bit pixel) * Multiple pixels per word * Wide selection of 
display formats including 512 x 512 x 64, 1024 x 1024 x 16, and up 
to 1024 x 512 x 16 bits per pixel at 60 Hz refresh rate « Video pro- 


AY DIN | 9) 


414 Commerce Drive * Fort Washington, Pa. 19034 


cessing through look-up table RAM at bit rates to over 40mHz ¢ 
Built-in vector and circle generation * Four sizes of alpha 
characters * High speed hardware math ®* Both parallel and 
serial peripheral interfaces available ¢ User programmable. 


STANDARD HARDWARE MODULES 

* Processor Module (16-bit) * Processor Expansion Memory (up 
to 1 megabyte of PROM or RAM) * Memory Buss Controller 
(syne and control) * CPU 1/O Module (DMA to host) * Video 
Modules (several types available) * Memory Modules (display 
formats from 256 x 256 to 1024 x 1024 x 16) * Mass Storage 
Controllers (floppy disk and magnetic tape) * Zoom Controller 
(2X, 4X, 8X and 16X) * Hardware Math Modules (including 
vector/circle) ¢« Alphanumeric Channel Module (80 x 48 format, 
256 unique symbols, 8 colors). 

STANDARD SOFTWARE MODULES 

¢ AYDOS Operating Systems ¢ Software Support Modules « 
AYGRAPH 2D or 3D Graphics Modules * AYGRAPH Image 
Processing Modules * Emulation Modules. 


Configure your system from the Model 5216 family of Hardware 
and Software Modules and prove to yourself the cost/perform- 
ance advantages of AYDIN CONTROLS for your application 
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CONTROLS Phone (215) 542-7800 * TWX (510) 661-0518 


One source for all your CRT display requirements 


Five affordable ways you 
can win more design freedom 
with CHAMP connectors... 
the first family 
of mass termination. 


In mass termination AMP CHAMP The complete CHAMP product line, of 

Connectors, with their insulation-displacing course, gives you all the advantages of mass 

contacts, have always pointed the ways to termination without costly wire préparation. 

high quality terminations at a lower on-board All in one stroke. It’s in computfets... 

cost. That’s why we have broadened the line instrumentation...communigations—a wide 

even more. range of industries. And rémember, wherever ' 


New CHAMP Connectors for ribbon cable 


CHAMP Connectors gosAMP technical iis 
simplify board to panel transitions by 


support goes. 


allowing mass termination of .050" ribbon So get the wholestory. Call Customer 
cable to standard .085" centerline I/O Service at (717) 564-0100. Or q 
interfaces. write AMP Incorporated. q 


New CHAMP ACTION PIN Connectors and Harrisburg, PA 17105. 
AMP panel components give you completely 
solderless backplanes. They're quick, safe 
and reliable. The unique compliant 
pin prevents damage to plated- 
through holes. You'll like the lower 
production costs. 


New CHAMP right angle pe board 
connectors are the only ones ofy 
their kind available. And mighty 
welcome. Because a mating 
connector can now approach 
parallel to the board, 


Rounding out the family 
additions are CHAMP 
connectors with metric 
hardware that meet IEEE 
#488; and CHAMP-LOK 
clips, the simple, finger- 
actuated, inexpensive 
accessory that is all the 
locking hardware you will 
ever need. 


Lee: 
age 


AMP CHAMP ACTION PIN Connector 


AMP CHAMP-LOK Connector 


AMP has a better way... 
the CHAMP-LOK 
Connector 


This simple, inexpensive metal 
clip will let you eliminate the 
need for any other fastening 
hardware. You need no other 
tools but your finger. 


When the connectors are mated 
an audible click is heard and the 
two are locked. To disconnect, 
you simply depress the base 

of the U-shaped clip and peel 
the connectors apart. 

AMP CHAMP-LOK Connectors 
are available in cable-to-cable 
and cable-to-panel configurations. 
They're quick. They're 

reliable. They’re a better way. 


AMP, CHAMP, CHAMP-LOK, and ACTION PIN 
are trademarks of AMP Incorporated. 


JARAP 


INCORPORATED 
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Session 13 9-11:30 am 


Chairman: S. Korin, im Corp 

“The Development of Automatic Diagnostic System for Industrial 
Motors Using a Microprocessor,” T. Usami, et al, Mitsubishi 
Electric Corp, Japan 

“gc-1030 System Performance Evaluation by a Microprocessor 
Based Monitor,” S. Rao, et al, Indian Institute of Technology, 
India 

“Automation of Environmental Testing,” G. A. Mathes, ema, Inc; 
and D. R. Bloemke, Rosemount, Inc 


“On-Line Statistical Analyzer for Production Testing and Quality 
Control,” G. Minns and K. Kindberg 


“Microcomputer-Controlled Potentiometer Test System,” A. R. 
Marcantonio, RcA Laboratories 


Session 14 2-4:30 pm 


Chairman: C. Einolf, Westinghouse Electric 


“Recreational Boat Operator Performance Measurement Using 
Microprocessors,” L. Kendrick, B & K Dynamics 


“A Miniature Recording Cardiotachometer,” P. J. Zsombor-Murray 
and L. J. Broomen, McGill University, Canada; and N, T. 
Hendricksen, Anher Engeliendsvej, Denmark 


“Application of (Microprocessors to Continuous Heart Rate Mon- 
itoring of High Risk Infants,’ S. Chung, General Electric Co; 
and P. W. Houck, Virginia Baptist Hospital 

“Microprocessor Control of the Blood Flow Plethysmograph,” 
W. E. Seiberling, et al, The University of Akron 


“Medical Applications: Microprocessor Based EEG Biofeedback 


Training Unit for Epileptics,” B. Keane and J, Henke, Clemson 
University 


Session 15 2-4:30 pm 


Chairman: K. Goksel, Bell Telephone Laboratories 


“Microprocessor Based Servo Control for Gunfire Control,” B. P. 
Eng, Lockheed Electronics Co 


“A New Microprocessor Based Monitoring System of Multi-Motor 
Drives,” Y. Watanabe, et al, Toshiba Corp, Japan 


“Applications of Microprocessor Based Programmable Logic Con- 
troller to Flying Shear Control,” T. Funahashi, Toshiba Corp, 
Japan 


“A Microcomputer Based Supervisory System for a Sewage Treat- 
ment Plant,” M. Machida, et al, Toshiba Corp, Japan 


“Acoustical Diagnostic Methods Using Histogram Analysis for 
Checking Nuclear Power Plant Components,” Y. Hashimoto, 
Chugoku Electric Power Co; K. Kawai, Tokyo Electrical Power 
Co; M. Suzuki, Chubu Electric Power Co; and Y. Michiguchi, 
et al, Hitachi Ltd, Japan 


Session 16 2-4:30 pm 


Chairman: I. Thomae, Thayer School of Engineering 
“List Interpreters for Microcontrollers,” M. D. Maples, M & E 
Associates 


“On the Simulation of Processes; A Hardwired Approach,” E. 
Cristo Alvarez and L. M. Hernandez Ortega, Facultad de In- 
genieria, UNAM, Mexico 


“Adaptive Techniques; The Intelligent Approach on EPROM Pro- 
gramming” C. Chavez, Facultad de Ingenieria, UNAM, Mexico 


“Problem Solving with the Tms 9940,” K. S. Padda, Texas In- 


struments 


“A (Microprocessor Based Debugging Tool for an 8080 Micro- 
computer,” R. S, Gottlieb, General Electric Co Oo 


= 17 rte 
Dnt : 
ae Be F 


Z 


CARD‘AEADER 7 
TERMINAL ~~ 


: ‘ ee 
This new concept in terminal equipment is Offered 
for TTY type terminal replacement as well as for 


3277 replacement”. 


@ Typewriter style keyboard. 
@ 80 x 24 character display. 
e Hand-fed Hollerith type card and/or @ Half or Full duplex. 
badge reader. ® Keyswitch lockout of keyboard. 
¢ Compatible with modems for e Printer interface. 
remote use. 


® 12” diagonal screen. 


1d 


is 


tthe 


® Switch selectable baud rate and bit 
pattern to 19.2K BPS. 


$850 without reader, 
1995 with single reader. a 
2595 with cual reader. 


*Requires Phone 1's P1-5 controller for 3271 or 3272 emulation 


PHONE | 


P.O. Box 1522 * Rockford, Illinois 61110 
Phone 815/962-8927 
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Why buy a 
technical computer 
from a stranger... 


guages, And, when you need to collect 


‘There are a lot of technical computer manufac- 

me has created so many measurement and 
ion products for the factory and lab as Hewlett- 
: ard. From audio oscillators and spectrum analyzers 
to computerized systems for satellite checkout, HP equip- 
ment has been doing the job for engineers and scientists 


‘since 1939, 

ae This experience pays off for you with the 
HP 1000 computer family. Our HP-IB interface bus, for 

example, makes it easy to use data from our instruments 


tor sophisticated computations and control. And our 


experience with computer links on our own factory floor 
helped us develop powerful networking software for yours. 


Different computers 
for different needs. 


So you don't pay for more computer than you want, 
we offer a range of HP 1000s to match different jobs around 
your lab and factory. From the economical M-Series, witha 
650 ns cycle time, through the fast E-Series, to the powerful 
_ 350 ns F-Series, with floating point processor. 

Theyre fully compatible, so you can use 
the same programs and operating systems if you 
move up to another model or when you switch a 
computer to another task. You can 
expand them all to 2MB of main 
memory at the extremely low price of 
3.1 cents a byte. They use FORTRAN, 
BASIC, Assembly and Microcode lan- 


and access information easily, 
you can run our 


data base management software on any HP 1000. 
Cutting the cost 
of capturing data. 


Whether setting up a full-scale factory infor- 
mation system or a one-computer test station, you want to 
collect your data as easily and inexpensively as possible. 
That's why we wrote IMAGE/1000, our DBM capability, 
and DS/1000, our networking software. And that’s why 
we designed the HP 2240A Measurement and Control 
Processor and 

HP-IB, our 
JEEE-488 
standard 


from Hewlett- 


interface, for use with 200 HP instruments. As well as a 
wide variety of general purpose interface cards, ranging 
from A/D converters to a 16-bit relay output register. 

In a data collection system using terminals, our 
Multipoint interfacing package keeps communication 
costs down. You can string multiple HP display stations or 
graphic terminals on a single line. 


Getting the 
whole picture. 


We're making it 
easier for you to get a graphic 
look at your data with soft- 
ware developed for use with 
HP output devices. Graphics/ 
1000, combined with our 


— 


ddd) 


and mechanical design, and ae 


graphics ertunns printers and p 
aid in research and engineering d. 


and production data, 


Your search for compatibility is further simp 
by our wide range of peripherals. You can build systems with 
printers and printing terminals, CRTs and data input devices, 
disc and tape drives —all manufactured by HP. They wo 
together smoothly, without making you do a lot of inte1 
facing work. And you can be sure of quick single-source 
service whenever you need it. oh 

So why don’t you get together with a company 
that has 25,000 technical computer installations to its credit?” 
Were listed in the White Pages of your phone book. Or write 
for complete information about the HP 1000 family to 
Hewlett-Packard, Attn, Bob Puette, Dept. 1242, 11000 Wolfe 
Road, Cupertino CA 95014. 
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SINTELA ) 
2COM/ 7 


INTERNATIONAL 
TELECOMMUNICATION Pallas, Texas 


EXPOSTION February 26-March 2 


INTELCOM 79, to be held in the Dallas Convention 
Center, is an international telecommunications expo- 
sition intended to present educational, business, and 
financial activities in the field. Included in the 5-day 
convention are exhibits and more than 200 application 
papers to be presented during 30 technical program 
sessions, 2 executive forums, and 10 mini-university 
seminars. 


Telecommunications Mini-University 


Ten intensive, 2-day seminars will comprise a tele- 
communications mini-university. Experts in the field 
will discuss the latest in telecommunications develop- 
ment, planning, marketing, and technology. Seminar 
topics include Computer Communications Concepts, 
Fiber Optics and Electro-Optics in Telecommunica- 
tions, Hands-On Software and Interfacing Experiments 
with Microprocessors, Intelligent Terminals in Distrib- 
uted Systems, and Distributed Processing and Data 
Communications. Seminars will be held from 8:30 to 
11 am and from 2 to 5:30 pm. 


Executive Forums 


These forums are designed to offer a broad and upper- 
level appraisal of telecommunications issues, trends, 
and opportunities to communications customers, sup- 
pliers, technologists, and government, industry, and 
financial administrators. Each forum features a panel 
of telecommunications authorities. 

Executive Forum A, held Tuesday through Friday, 
9-11 am, will address topical issues challenging the 
industrialized world. Panel subjects are to include 
the Global Frequency Spectrum rewrite, the rewrite 
of the Communications Act of 1934, and changes made 
by specialized common carriers and reaction of the 
International Record Carriers. 

Executive Forum B will profile telecommunications 
activities—past, present, and future—of the develop- 
ing world in panel sessions to be held at 2 pm Mon- 
day through Thursday, Latin American, Africa, the 
Middle East, and Asia will each be addressed on 
separate days. 


Pre-Conference Registration 


Registration for exhibits only is $15; for 1-day at- 
tendance of the technical sessions it is $50. The 
$120 fee for the full 5-day program includes exhibits, 
executive forums, and a copy of the published pro- 
ceedings. $295 Mini-University seminar fees include 
two complete days of instruction per course, detailed 
course notes, and admission to the exhibition and 
technical sessions. 


Details on the technical program that follows are 
limited to information available at press time. 


Technical Program Excerpts 


Monday Afternoon 


Defense Telecommunications 


Organizer/Chairman: D. L. Solomon, Office of the Secretary of 
Defense 


“an/tTRC-170—The Future in Tactical Tropospheric Scatter Com- 
munications,” W. J. Connor, Communications Systems Direc- 
torate, Raytheon Corp 


“Growth of Packet Switching Services in the u.s. Dept of De- 
fense,” D. O’Rourke, vu.s. Civil Service Commission and M. 
Green, Information Spectrum, Inc 


“Defense Satellite Communications: Lessons Learned and Fu- 
ture Directions,” J. H. Babcock, Office of the Secretary of De- 
fense 


“Analog Digital Transition in Defense Networks,” J. A. Kinna- 
han, Page Communications Engineers, Inc 


“Field Telephones7Field Terminals—A Generation Gap?” K. 
Johnsen and A. Bratlie, As Elektrisk Bureau 


International Network: Transnational Data Flow 
Organizer/Chairman: G. R. Pipe, Transnational Data Report 
“International Data Regulation Issues from the Perspective of 


the European Economic Community,” E. F. M. Hogrebe, com 
Research Center 


Panel Members: J. Freese, Swedish Data Inspection Board; D. 
Hebditch, Telecommunications Consultant; H. Donahue, Control 
Data Corp; W. Fisherman, ntra; and E. F. M. Hogrebe, com 
Research Center 


Tuesday Morning 
Data Communications: Distributed Processing 


Organizer: D. Doll, pww Telecommunications Corp 

Chairman: M. Dortch, The Yankee Group 

“Considerations When Implementing a Distributed System.” 
A. Lubitz, Raytheon Data Systems, Inc 

“pp-100 Connected Speech Recognition System,” S. Tsuruta, et al, 
Central Research Laboratory, Nippon Electric Co, Ltd 

“Advent of the Electronic Office,’ D. Hosage, Datapoint Corp 
“Distributed Processing and the Automated Office.” D. Kutnick, 
The Yankee Group 


“Definitions of Communications and Data Processing on an 
Entropy Basis,” N. Seitz, NTIA 


Wednesday Morning 


Data Communications: Data Networks 

Organizer/Chairman: D. Doll, pmw Telecommunications Corp 
“Network Cost and Performance Optimization,” F. E. Ferrante 
and M. M. Balagangadhar, Page Communications Engineers, Inc 


“International Applications of TyYMNET Technology,” R. A. Bam- 
berg, TYMNET, Inc 

“A User’s Perspective Toward Network Implementation,” R. 
Techo, Georgia State University 


“Development of Telecommunications—A Company Asset?” W. 
Brasuell, Fairchild Electronics, Inc 


“xTEN—Ending the Information Float,” W. Combs, Xerox Tele- 
communications Network Services, Inc 


Data Communications: Peripherals and Interfacing 
Organizer: D. Doll, paw Telecommunications Corp 

Chairman: B. F. Baldwin, ect Div, E-Systems, Inc 

“Current Developments in Teleprinter Technology,” B. Baldwin, 
ECI Div, E-Systems, Inc 


“Radio Data Terminal System,” T. Miyawaki, vHF-UHF Communi- 
cations Div, Nippon Electric Co, Ltd 


“Application of Microprocessor Technology in Improving Vessel 
Traffic Systems,” R. A. Pickens and A. G. Hamlin, Page Com- 
munications Engineers, Inc 


“Linear Integrated Circuits Bring Telephones Up to Date,” S. 
D’Arrigo, sGs-ATEs, Agrate 
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Advanced Microcomputer Development System 


uP uP and away 


Futuredata introduces 
the development system 
that sets you free. 


This newest 

development in 

development systems sets you free to 
cope with the expanding world of 
uP-based product design. Free to design 
with the 8086, 8085, 8080, 6800, 6802 
or Z-80 and free to add many other 
processors soon. This system puts 
universal hardware and software 
development capabilities at your 
fingertips: real-time in-circuit emulation 
to 5 MHz, real-time 48-channel logic 
analyzer, up to 2 megabytes of disk 
memory, and every software aid, 
including high level language compilers, 
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relocating macro-assemblers and 
disassembling symbolic debuggers. 
CPU, CRT and keyboard are all neatly 
integrated in one compact, mobile 
station to liberate more of your bench 
space. It’s the universal, compact, 
state-of-the-art AMDS — Advanced 
Microcomputer Development System. 
Futuredata, 11205 S. La Cienega Blvd., 
Los Angeles, CA 90045. (213) 641-7700 
TWX: 910-328-7202. 


futureclata 


AA 


sini 


Your 
te 


Zap! 
SYS 
Sted. 


ms 


Test in “real time” up to 5 megahertz and drastically 
cut development time and costs. 


With the force of the MicroSystem Analyzer, 
developing diagnostics now can be a snap. 
Operating in real time at microprocessor speeds 
up to 5 MHz, the MicroSystem Ana- 
lyzer speeds total development 
time, performs hardware/soft- 
ware integration, and gets your 
prototype into production faster. 


A Whole New Way of 
Microprocessor System Testing 


With the MicroSystem 
Analyzer, younow cancontrol # 
your system with In-Circuit : 
Emulation, and find faults with 
Signature Analysis, Time and Frequency 
measurements. 

No other system available combines the 
elements to let you control and test at a// levels— 
system, board, and component—in real time. The 
MicroSystem Analyzer lets you discover intermit- 
tent problems over a wide range of temperatures, 
operate without a built-in test source, and perform 
fault detection in multiboard systems. Test pro- 
grams are easier and faster to develop, more com- 
plete and more accurate. 


Universal—Both Today & Tomorrow 


The MicroSystem Analyzer plugs directly 
into the most common microprocessor sockets 
—Z80, 8085A, 6800, 8080, with more to come— 
and uses a series of personality cards and probes 
to let you thoroughly isolate faults to the subsystem 
and component level. 

No matter what major microprocessor you 


are using in product development or in production 
test, the MicroSystem Analyzer is the one universal 
and portable instrument for you. 


Get Your Products into Production Faster 


The MicroSystem Analyzer eliminates the 
need for long and expensive test fixture develop- 
ment, SO you can move onto the next pro- 
ject sooner. Plus, with the diagnostics 
developed you have provided total 

production, depot repair and field test 
support! 


Complete the coupon below for details 
on the most advanced microprocessor 
test instrument available today. 


MILLENNIUM 


MILLENNIUM SYSTEMS, INC. 

19020 Pruneridge Avenue, Cupertino, CA 95014 
Phone: (408) 996-9109 TWX: 910-338-0256 

A subsidiary of American Microsystems, Inc 


Gentlemen 


OK, you got my attention. Now I'd like you to prove your Micro- 
System Analyzer can shorten my development cycle, test systems 
and boards faster than anybody else, and save me a ton of money 
in the process 
PLEASE: 
Call me to set up a live demo on my Z80A, 8085A, 6800, or 8080 system 
Send me complete information on the MicroSystem Analyzer today! 
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CD 279 


Our DMTP-9 programmable card 


Thursday Morning 


Communications Privacy and Security: 
Computer and Facsimile Communications Security 


Organizer/Chairman: D. K. Branstad, National Bureau of 
Standards 

“Data Security Applications of the NBs Data Encryption Stan- 
dard,” R. Thorpe, Collins Telecommunications Products Div, 
Rockwell International 

“Cryptography Application of The Data Encryption Standard,” 
R. Lennon, Kingston Development Laboratories, 1mm Corp 
“Advanced Techniques in Network Security,” D. Hillis, Secure 
Communications Electronics Div, Motorola, Inc 

“Some System Implications of Data Communications Security,” 
D. Abmayr, Datotek, Inc 


Fiber Optics (1) 


Organizer/Chairman: H. Elion, Arthur D. Little, Inc 

“A Worldwide Survey of Operational Fiber Optical Systems,” 
L. Bloom and R. Gallawa, National Telecommunications and 
Information Administration 

“Optical Fiber Cable Transmission Equipment and Optical De- 
vice,” Y. Ohashi, et al, Transmission Div, Nippon Electric Co, 
Ltd 

“Fiber Optics—A Panacea for Telecommunications?” F. E. Fer- 
rante, Page Communications Engineers, Inc 

“Fiber Optic Trunk System for Analog Video Transmission,” 
O. I. Szentesi, Siecor Optical Cables, Inc; E. Kuegler, Siemens 
ac; and W. D. Petty, Cablecom-General, Inc 


Thursday Afternoon 


Testing and Measurement: Datacomm (1) 


Organizers/Chairmen: R. L. Allen and R. Coackley, Hewlett- 
Packard Co 


“Remote Testing of Telephone Networks Used for Voice and 
Data Transmission,” J. L. Kelly, Hekimian Laboratories, Inc 


“Advances in the Centralized Testing of Remote, Unmanned 
Central Offices,” R. E. Pospisil, Telecommunications Technology, 
Inc 


“Centralized Diagnostics for Data Communications Systems,” N. 
Kumar, Dynatech Data Systems 


“Automated Signal Quality Monitoring ys Automatic Channel 
Quality Monitoring,” N. W. Feldman, u.s. Army Communica- 
tions Research and Development Command 


Fiber Optics (2) 


Organizer/Chairman: 'H. Elion, Arthur D. Little, Inc 
“A T-3 Rate Fiber Optic System,” C. A. Ebhardt, irr Telecom- 


munications 


“Digital All Dielectric Links in the Telephone Plant,” D. F. 
Hemmings and R. Jones, Harris Corp 


“Optical Components and Application to an Optical Transmis- 


sion System,” S. Takeuchi, et al, Sumitomo Electric Industries, 
Ltd 


Friday Morning 


Fiber Optics (3) 
Organizer/Chairman: H. Elion, Arthur D. Little, Inc 


“Fiber Optical Cables for Telecommunications,” R. L. Ohlhaber, 
et al, Technical Research Center, Belden Corp. 

“Proof Testing of Optical Fibers—An Asset or a Liability?” 
S. T. Gulati, Corning Glass Works 

“An Optical Fiber Digital Link Using a High Efficiency Leb,” 
M. Kawashima, et al, Transmission Div, Fujitsu, Ltd 


“Avoiding Common Pitfalls in Optical Waveguide Measurements,” 


P. R. Reitz and D. Charlton, Corning Glass Works 


Printing Data and Graphics on the same card 


Adjustable for table-top or wall 


mounting, the DMTP-9 is avail- 
able with controllers, power 
supplies and interconnect 
cable systems for complete 
microprocessor/microcom- 
outer compatibility. For more 
details, call or write: 

Practical Automation, Inc., 
Trap Falls Road, 

Shelton, CT 06484; 


printer/plotter does both — 
prints the full alphanumeric ASCII 
character set, and prints graphics 
for plotting too. 


All it took was combining our long-life 
5 x 7 dot matrix needle head with a step- 
ping motor that controls ticket positioning 
until the message (alphanumeric or graph- 
ics) is complete. Result: both analog and 
digital data, on the same card. 


Use it with blood — gas and other medical ie) Sepren 
analysis instruments. Extend the capabil- 

ities of a weighing system. Add a new 

dimension to time card and production 

control. And, print on either multi-part forms 

or single cards...on impact-sensitive paper or PRACTICAL 
with ribbon. Even program character pitch for AUTOMATION 
standard or enhanced printing for up to 32 char- INC. 


acters per line, and approximately 39 lines. 
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TEKTRONIX 

thinks your logic analyzer 
should be as versatile 

as you are 


So ours let you see analog and digital displays at the same time. 


Verify logic and 
analog relationships 
at a glance 


THE VERSATILE ONES 


Testing and Measurement: 

Datacomm (2) 

Organizers/Chairmen: R. L. Allen and R. Coackley, Hewlett- 
Packard Co 


“Data Communications Systems Users and Their Maintenance 
Requirements,” J. L. Wallace, Atlantic Research Corp 


“Maintenance of the United Airlines pars System,” M. Teflian, 
United Airlines 


“Protocol Simulation—A New Side in Data Diagnostics,” K. L. 
Damanda, Digitech Data Industries, Inc 


Friday Afternoon 
Fiber Optics (4) 


Organizer/Chairman: H. Elion, Arthur D. Little, Inc 


“Optical Fiber Communications for Broadcasting Applications,” 
Y. Ueno, et al, Nippon Electric Co, Ltd 


“T.3 Rate Fiber Optic Terminal Equipment,” L. Campbell and 
D. Matthews, Digital Communications Corp 


“Asynchronous Process Control] ‘Data and Links,” C. H. Pod- 
lesny, Galileo Electro-Optics Corp 


Telecommunications 
Mini-University Excerpts 


February 27 and 28 


Seminar 02 


Computer Communications Concepts 
Instructor: Carlos Laredo, Bell Canada International, Inc 


Course covers types, functions and characteristics of all elements 
in data communications system; function and rationale for con- 
trols and protocol; and network appraisal and design evaluation 


Seminar 04 


Fiber Optics and Electro-Optics in 
Telecommunications 


Instructors: Dr Herbert Elion, Arthur D. Little, Inc and Dr 
Glenn Elion, International Communications and Energy, Inc 


Course designed for private, military, and educational communi- 
cations personnel covers optical fibers and cables, couplers, con- 
nectors, and splices, modulation methods and light sources, and 
new devices and developments 


Seminar 05 

Hands-On Software Interfacing 
Experiments with Microprocessors 
Instructor: Howard Boyet, Pratt Institute 


Designed for telecommunications professionals, course starts with 
microprocessor digital logic components and computer architec- 
ture basics, covers machine and assembly language programming, 
and proceeds to hands-on storage and retrieval experiments 


March 1 and 2 


Seminar 06 


Intelligent Terminals in Distributed Systems 
Instructor: Arnold Kashar, Technogenics Group, Inc 


Course details functions, parameters, and applications of intelli- 
gent terminals, and explores their role in distributed information 
processing 


Seminar 12 


Distributed Processing and Data Communications 
Instructor: Daniel R. McGlynn, McGlynn Associates 

Advantages, disadvantages and selection criteria for data com- 
munications/distributed network are outlined in course for com- 


puter analysts, data communications managers, and electrical 
engineers O 


Delta 

Data 

Systems 

introduces ... 

THE TEXT PROCESSOR is actually 
our new DELTA 7300, a remarkable 
16-bit microcomputer terminal that 
breezes right through your toughest 
text preparation, manipulation and 
processing jobs. And to prove it, 
we'll let you put us on the spot with 
a short demonstration—you name 
the time and the place. Contact us 
today for full details including 
technical literature or applications 
assistance. 


These are a few of the outstanding 
features offered in the new DELTA 7300: 


¢ MULTIPLE SPLIT SCREENS 

¢ UP TO 26,000 CHARACTERS OF 
DISPLAY MEMORY 

¢ UP TO 892 SPECIAL SYMBOLS AND 
CHARACTERS 


¢ USER DEFINABLE FUNCTION KEYS 


¢ POLLED AND NON-POLLED 
COMMUNICATIONS CAPABILITY 


¢ AND THESE IMPORTANT TEXT 
PROCESSING FUNCTIONS: Automatic 
Ragged Right Justification, Adjustable 
Margin, Justify Paragraph, Search (four 
functions), Define, Move, Copy or Delete 
Word/Sentence/Paragraph, Block, 
Fractions, Insert/Delete Line, 
Discretionary Hyphenation 


¢/deal for distributed processing 
environments where large amounts of 
text must be processed 


80 CIRCLE 56 ON INQUIRY CARD 


Delta Data Systems Corporation 
Woodhaven Industrial Park 
Cornwells Heights, PA 19020 
(215) 639-9400 

U.K. Subsidiary: 

DELTA DATA SYSTEMS LTD. 
Welwyn Garden (07073) 33833 


Service in over 150 locations in the U.S., and 14 European countries and Canada 
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Cee 


Economical 
custom connectors 


veeceeeeat 


IDC receptacles 


Custom assemblies 


PCB transitions 


Card-edge connectors 


Protected and unprotected pin headers 


Put an end to it all. 


IDC mass termination never had it so 
good, because now you can get all the 


connectors you need from a single source. 


And, if we don’t have the standard 
IDC connector you need to solve your 
mass termination problem, we'll invent 
one that will. 

We'll take total responsibility for all 
your interconnect needs from jumpers 
and flat cables to IDC connectors and 
ready-to-go custom and standard planar 
assemblies, so check us out. You'll quickly 
see why so many happy endings begin 


with a call to us. 

For the name and number of 
our nearest distributor or rep, write 
Spectra-Strip, an Eltra Company, 
7100 Lampson Avenue, Garden Grove, 
CA 92642. Orcall (714) 892-3361 today. 


ett RLS aie ea Et S 


“When you're down to the wire 
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ROLM'S 1602B: An Army 


Standard Com 


puter 


Designed for Full Integrated Logistics Support 


IT’S A COMPLETE 
PROCESSOR INA 
SINGLE 20” CHASSIS. 

The 1602B (AN/UYK-19) has space 
for 7 |/O modules, control panel in- 
terface, CPU and 64K of directly ad- 
dressable memory. An additional 15 
1/O slots can be made available with 


IT HAS SINGLE SIDED 
ACCESS. 


Maintenance is simplified by quick, 
easy access to the interior of the 
conductively cooled chassis. The 
1602B also has a new plug-in AC or 
optional DC power supply. 


EXCELLENT DELIVERY 
WITH FULL SUPPORT. 
Since AN/UYK-19 processors are in 
continuous production, delivery is no 
problem. They are fully mil-qualified 


and backed up by complete training 
and documentation. And ROLM's 
extensive software has really im- 


ROLM's 2150 Expansion Chassis. 


INDEPENDENT CARDS pressed program managers. They 
& INTERCHANGEABLE ane at Oe ee ee 
1/O SLOTS. 


Single board peripheral controllers 
and interchangeable 1/O slots allow 
field reconfiguration without rewiring. 
A single CPU board implements all 
processor operations. 

Logistics and support are 
simplified. 


e proven 
800 AN/ 
field. 


| 602B including appro- 
software, 32K of memory, a 
rol panel interface and a PU 
(in single quantities) costs $33,250. 
‘Managers have true cost control 
_ because they can buy the exact 
processor configuration needed for 
their application. Plus, the new 
-1602B is directly compatible with 
ROLM's 1602, 1602A and 1650 
processors. 


MIL-SPEC 
Computers 


4900 Old Ironsides Drive, Santa Clara, CA 95050. (408) 988-2900. TWX 910-338-7350 
In Europe: Muehistrasse 19 0-6450, Hanau, Germany, 06161 15011, TWX 4-184-170. 
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COMPARING MICROCOMPUTER 
DEVELOPMENT SYSTEM 


CAPABILITIES 


Hardware and software integration difficulties during microprocessor 
based system design mandate use of microcomputer development 
systems with comparative processor support capabilities and software, 
and differing control consoles, memories, and in-circuit emulation 


architectures 


Bruce E. Gladstone 


Futuredata Computer Corporation, Los Angeles, California 


BP ctitecatin of microprocessor based products neces- 
sitated the design of microcomputer development systems. 
These tools represent either general purpose or univer- 
sal investigative aids that support several micropro- 
cessor types, or dedicated aids restricted specifically to a 
single microprocessor type or family. A system assisis 
the designer in evaluating alternative microcomputer 
hardware or software prototypes because it incorporates 
all standard computer development tools, such as the 
central processor, mass storage memory, control con- 
sole, editor, assembler, and compiler. Also, simultaneously 
testing hardware and software produces powerful de- 
bugging capabilities (Fig 1). 

Specialized in-circuit emulator types of microcomputer 
development systems evolved to handle problems in- 
herent in separating hardware and software defects. 
These include the Futuredata Microemulator and Tek- 
tronix In-Prototype Emulator that support micropro- 
cessots from a variety of manufacturers, the Intel IcE 
and Motorola UsE that support a family of micropryo- 
cessors, and single-microprocessor systems from RCA, 
Rockwell, and Zilog. The in-circuit emulator provides 
the most accurate method for testing and checking mi- 
crocomputer system hardware and software. It replaces 
the central processing unit (cpu) chip in the system 
under test, duplicates the chip functionally, and fur- 
nishes indications of system operation and control at a 


console or terminal. The ability to examine, change, or 
modify CPU registers, storage memory, and program 
execution permits rapid and easy hardware and soft- 
ware testing. 


Hardware Elements 


A microcomputer development system consists of a series 
of hardware and software elements. Major hardware 
elements are the central processor, memory, mass sior- 
age, and control console (Fig 2). The central processor 
executes the various algorithms involved in the develop- 
ment task and, at times, executes an editor, an assembler, 
a debugger, and the designer’s program. Thus, it per- 
forms two major functions: hosi and designer program 
execution. 

Memory stores both program and data. These pro- 
grams can be host programs, such as the editor or com- 
piler, or designer programs. Data involve editor work- 
space, assembler symbol table, input and output (1/0) 
buffers, and/or data generated by the designer’s program. 

Mass storage stores operating programs, designer’s 
programs, and either temporary or permanent data. It 
is sometimes used as an extension of main memory. For 
example, when editing a large program, the editor work- 
space may not be large enough to contain the entire 
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(USE EDITOR, ASSEMBLER, 
COMPILER) 


NO 


(PROGRAM 
YES VERIFIED 


SYSTEM TEST 
PROGRAMMERS AND 
LOGIC DESIGNERS 


Fig 1 


program during edit. Moving the source program from 
one file in mass storage through the edit buffer to 
another file in mass storage accomplishes an edit. In 
this case, the two files and the editor work area com- 
prise a very large memory space. 

The control console provides an interface between the 
designer and the microcomputer development system. 
Systems differ greatly in the type of console used. Two 
primary functions of the console are to accept operator 
input (source programs, debugging commands, operat- 
ing system commands, data) and to provide feedback 
and output to the operator (assembly listings, memory 
dumps, register displays). 


84 


! DIAGNOSTIC:DEVELOPMENT | 
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Microprocessor based system design with development system. Development of micro- 
computer based design involves preparation of application program, hardware design, diag- 
nostic programming, and system test phase. Capability of development system is especially 
critical in latter, when it is necessary to sort out hardware versus software problems 


YES 


HARDWARE DEVELOPMENT 
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(DIAGNOSTIC 
ONLY 
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(HARDWARE 
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OPERATIONAL, 
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USE IN-C|RCUIT EMULATOR, 
ADDRESS TESTS, ETC 


CORRECT HAROWARE ERRORS 


RUN DIAGNOSTICS WITH 
IN-CIRCUIT EMULATOR 


CORRECT HARDWARE AND DIAGNOSTIC 
ERRORS 


RUN SYSTEM PROGRAM 
USING ROM SIMULATION 
AND IN-CIRCUIT EMULATOR 


CORRECT SOFTWARE 
ERRORS 


USE IN-CIRCUIT EMULATOR, 
PIROM PROGRAMMER 


CORRECT HARDWARE 
AND SOFTWARE ERRORS 


Essentially, these four hardware elements also con- 
stitute a software development system, of which the 
Intellec 8 and Intellec 80 are examples. The next 
three hardware elements, however, relate to the hard- 
ware development aspect of microcomputer design and 
apply specifically to microcomputer development systems. 

An in-circuit emulator provides a direct connection 
between the microcomputer development system and the 
prototype system. Read/write memory within the micro- 
computer development system simulates read-only mem- 
ory (ROM) or programmable read-only memory (P/ROM) 
in the prototype system. This greatly reduces the time 
needed to change and correct designer programs. Some 
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Fig 2 Relationship of universal development system hardware components. Components common to differing micro- 
processors include all |/O and memory devices. Only target central processor and in-circuit emulator interface are 


changed to accommodate specific microprocessor 


in-circuit emulators allow the designer to gradually switch 
functions into the prototype system. Thus, the designer 
separately tests the clock circuits, input control lines, 
and direct memory access (DMA) control system to 
evolve the final design in discrete increments. 

Final software can be stored in P/ROM using the 
P/ROM programmer. Programs debugged and running in 
simulator ROM are permanently burned into an elec- 
trically programmable ROM (EPROM) or P/ROM. 

Hardware debug aids, used in the debugging process, 
separate hardware and software problems. These aids in- 
clude a single-stepping facility, a hardware breakpoint 
facility, and a logic analyzer. With a single-step facility, 
the designer steps through the program one instruction 
at a time. A hardware breakpoint facility sets up a 
logical condition, usually an address, that halts the 
program whenever it encounters that address. Then, 
the designer can examine interim results, determine 
whether they are correct, and either continue executing 
the program or go back and modify it. In addition to 
providing hardware breakpoints, a logic analyzer cap- 
tures data on the fly and displays it. Thus, the designer 
views the system’s operation as a series of bus trans- 
actions. The logic analyzer has a fixed amount of storage 
that is continually updated by the last bus cycle, while 
the earliest bus cycle is erased. Therefore, when a hard- 
ware breakpoint is encountered, the logic analyzer mem- 
ory shows events leading up to the breakpoint. 


The microcomputer development system contains other 
1/o hardware elements. The printer provides hardcopy 
listings of the program, while other 1/o devices, such 
as a paper tape reader, a punch, or a modem, provide 
a standardized interface into other systems for data 
interchange. Thus, with a paper tape reader and punch, 
a designer may write a program ow,one development 
system and communicate it to another+development sys- 
tem. Likewise, with a modem, a designer connects a mi- 
crocomputer development system by telephone lines to a 
large computer which may have other processing facil- 
ities available (cross-compilers, cross-agsemblers, etc). 


g 


DX) 


Software Elements 


Integrated into a development system are an editor, as- 
sembler, debugger, high level language compilers, link- 
age editors, and operating system—all software compo- 
nents. The editor creates and modifies source programs, 
written in assembly language or in higher level languages, 
depending on the task. The editor must, of course, have 
editing commands to change, delete, and insert lines of 
code; positioning commands to target on a particular 
location in the program where changes are to be made; 
and utility commands to read and write edited data. 
Editors differ in their capabilities and in their inter- 
actions with the control console. Most are written for 
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teletypewriter compatibility. To meet this design criterion, 
editors are designed with a small amount of information 
feedback. More recent designs use ultra high speed 
cathode-ray tube (crT) displays to provide context 
based editing and to offer a large amount of informa- 
tion feedback. A context based editor is very similar 
to the editors used in CRT word processor systems; here, 
a significant amount of the program is always “on dis- 
play.” A cursor within the display or context performs 
the editing; all changes instantaneously update the pro- 
gram as displayed. This feedback within the program 
context substantially reduces errors and simplifies edit- 
ing commands. 

The assembler translates or assembles the source code 
(assembly language), generated using the editor, into 
object code. Assemblers differ in their ability to handle 
macros, to generate relocatable code, to support a va- 
riety of operand formats, and to allow certain types of 
pseudo-instructions. The designer uses macros to name 
commonly used sequences of instructions, which then are 
“called” with a single instruction—the macro name. 

A debugger interactively executes and debugs the ob- 
ject program that is generated using the assembler or 
compiler. Commands handle memory display, program 
execution, and data storage in memory. With other com- 
mands, the designer sets breakpoints so that the pro- 
gram will halt when it encounters these breakpoints. 
Thus, the designer can determine the action of parts of 
the program. Additional commands set values in the 
processor registers, find data in memory, and read and 
write object program files. With the advent of in-circuit 
emulator capability, additional debugger commands map 
memory between the host and prototype systems, and 


switch the various microcomputer control lines between 
the host and prototype systems, thereby establishing the 
level of emulation. The debugger also provides single- 
stepping and program tracing. Since most debuggers 
interact with a teletypewriter, they provide minimum op- 
erator feedback. New debugger designs take advantage 
of the ultra high speed crt displays with increased in- 
formation feedback. 

High level language compilers translate a high level 
language program (in BASIC, FORTRAN, COBOL, PL/M, 
etc) into assembly language programs. Since each high 
level language statement represents a number of assembly 
language statements, the designer can shorten the amount 
of time spent generating a program. This time advantage 
normally contains an associated expense, since the com- 
piled code is not as efficient as assembly level code gen- 
erated by an experienced programmer; however, as 
memory becomes less and less expensive, compilers will 
become more cost-effective. 

Linkage editors link individual program modules, all 
of which are assembled or compiled separately. Thus, the 
designer can gradually build a library of commonly used 
subroutines and program segments and, as a last step, 
link these subroutines and program segments together 
to form an entire operating program. The linkage editor 
performs all the address calculations necessary to link 
the modules so that they can interface to each other 
and fit properly into memory. 

Consisting of an editor, assembler, monitor, debugger, 
compilers, and linkage editors, the operating system 
manipulates, stores, retrieves, loads, and executes system 
programs, and creates and deletes data files. Various 
utility functions, such as the ability to copy programs 


TABLE 1 
Operator Console Types and Major Function Times 


Operator 
Console 


Application 
Example 


Binary lamps and Front panel; Imsai 


switches and Altair computers; 
R DEC PDP-11 
Hexadecimal keyboard Intel SDK-85; 


and display ~ KIM-1 


Printer terminal.with Motorola EXORciser 
P/ROM debug monitor with Exbug, and TI 
Silent 700 terminal 


CRT terminal— Intel MDS with Intel 

120 to 960 char/s— CRT terminal; 

and debug monitor Tektronix 8002 with 
CRT terminal 

Memory refreshed Futuredata 

CRT display Microsystems 10, 15, 
20, and 30 


Debug Edit 
Function Time* Function 
(Overhead) Time? 

1¢ min Not practical 


180s Not practical 


120 s; includes 
time to write 
results; printing 
time is significant 


80s 240 s; must re-list 
to check edit 


480 s; must re-list 
to check edit 


40 s; minimum 
operator entry 


90 s; context 
editing 


1Standard debug example: set breakpoint, execute, examine register and 32 bytes of memory, make a 5-instruction patch, re-exe- 


cute, examine registers, and continue execution. 


2Standard edit example: change two lines, delete three lines, and insert five lines. Assume that all data are in memory. 


either in source or object form from one media to an- 
other, also are offered. 

The mass storage device attached to the system, such 
as paper tape, magnetic tape, and disc, principally dif- 
ferentiate the various levels of the overall operating sys- 
tems. 


Operator Console Levels 


Microcomputer development systems differ primarily in 
two hardware areas: the operator control console, and 
the type and speed of mass storage devices. Table 1 
shows five levels of operator control consoles. Early op- 
erator consoles contained binary lamps and _ switches. 
Even today, most minicomputers havea front panel con- 
taining a row of toggle switches and a row of lamps. 
Manual loading of an initial program is common prac- 
tice with these front panel switches. A bootstrap pro- 
gram inputs a more sophisticated loader through a paper 
tape reader and, finally, that loader program loads in 
the designer or system program, again from the tele- 
typewriter paper tape reader. Interaction with an op- 
erating program for debugging can also be done with 
panel lamps and switches. Obviously, this manual de- 
bugging method is tedious, evolving, as a result, many 
modifications to operator consoles. 

The first improvement added a printer terminal with 
debugger. Debuggers written around this terminal type 
provided a minimal response to each command since 
printer terminals were relatively slow (data rates of 
10 to 30 char/s). Each command deliberately limits in- 
formation; otherwise, the designer continually would be 
waiting for the terminal to finish printing the results 
of the last command. This in turn led to two further 
improvements: one in the direction of less cost (hexa- 
decimal keyboard and display) and the other in the 
direction of higher performance (CRT terminal). 

The hexadecimal keyboard and display are inexpen- 
sive methods of implementing an operator console. In- 
formation previously entered with switches and dis- 
played with binary lamps is now entered with a hexa- 
decimal keypad and shown on 7-segment light emitting 
diode displays. The keypad approach reduces operator 
entries from 8 or 16 switches to 2 or 4 keystrokes. This 
technique clearly minimizes operator errors but still 
does not provide much additional information. High 
speed CRT terminals, as implemented on most micro- 
computer development systems, merely act as high speed 
versions of a printer terminal. System software has not 
been updated to take full advantage of the crT terminal 
speed; only the process is accelerated by generating out- 
put data at a greater rate. 

The microcomputer development system designer uses 
the highest level of operator console, a memory refreshed 
crT display, to take into account the ultra high speed 
capability of the console at design time. Thus, a con- 
text based debugger and a context based editor can be 
provided. In this type of console, the designer sees a 
continually updated register display, large memory 
dumps, and whole segments of source code in context, 
greatly reducing the confusion as to exactly what is 
happening. This type of interactive software is designed 
around consoles that operate with data rates between 
10k and 50k char/s. The present state-of-the-art and 


direction of microcomputer development systems indi- 
cate that this level of operator console should become 
more prevalent in the future. 


Mass Storage Levels 


Small computers use four general levels of system mass 
storage. The first level is no mass storage facility. The 
designer keys in the program, usually in binary or hexa- 
decimal, and then executes immediately. The next level 
is paper tape based systems available on many small 
computers. The mass storage medium is punched paper 
tape, and the combined operator console and mass stor- 
age device is usually a teletypewriter. This level of stor- 
age system was dominant for many years, largely be- 
cause of excellent cost-performance characteristics. Only 
recently have crT displays and magnetic tape or disc 
systems been able to compete effectively with paper tape 
systems. The third level of mass storage is low speed 
magnetic tape (generally, cassette). Data are read and 
written into cassette tapes somewhere between 30 and 
400 char/s. This represents an improvement of 3 to 40 
times over the teletypewriter and makes low cost micro- 
computer development systems practical. This level of 
storage system is perhaps a good choice for relatively 
small programs (500 to 1000 lines or less), a limited 
budget, or an initial implementation of a development 
system. 

The fourth, generally accepted standard for mass stor- 
age on development systems is flexible disc, either a 
5.25” (13.34-em) or an 8” (20-cm) diameter version. 
Data transfer rates are greater than 1000 char/s. Ac- 
cess time and throughput for this mass storage device 
cease to be significant factors in development time. 
Comparisons of editing overhead times using teletype- 
writer, paper tape reader and punch, medium speed cas- 
sette tape, and fast flexible disc indicate that even for a 
100-line program, a teletypewriter is slow. Likewise, for 
a 1000-line program, the medium speed cassette based 
system is probably too slow. However, with a flexible 
disc based system, the designer edits and assembles 10k- 
line programs in a relatively short time. 


Development System Architectures 


Architectural considerations involved in comparing mi- 
crocomputer development systems relate to two basic 
implementations of in-circuit emulation—a master-slave 
approach, such as taken by Intel and Tektronix, and a 
single-processor approach, such as that of Motorola, 
Futuredata, and Zilog. Table 2 summarizes these archi- 
tectures and implications. 


Master-Slave System 


In a typical master-slave system (Fig 3), the master 
(host) microprocessor runs all system software func- 
tions, including editing, assembling, disc file manage- 
ment, and “downline loading” of object programs to,be 
tested in the prototype (target) microprocessor using 
in-circuit emulation. The target (slave) microprocessor 
is the designer’s microprocessor under investigation. The 
development system manuafcturer primarily accrues the 
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TABLE 2 


Development system Emulator Architectures and 
Associatéd Hardware/Software Devices 


Emulator Micro- Memory and : 
Manufacturer Architecture processors Peripherals Software CRT Display 
Futuredata Single processor 8080 Up to 64k Editor Memory 
(Microemulator) and common memory; 8085 Cassette Assembler refreshed 
allows full speed 8086 Floppy disc Debugger 
emulation and com- 6800 EPROM programmer Macro Assembler 
plete control of 6802 Logic analyzer Linker 
emulation modes; Z80 Printer BASIC Interpreter 
universal BASIC Compiler 
Intel Modified master- 8048 Up to 64k Editor RS-232-C 
(ICE) slave single memory; 8080 Paper tape Assembler Teletype- 
slows emulation 8085 Floppy disc Debugger writer mode* 
with wait states. 8086 EPROM programmer Macro Assembler 
Allows control of Logic analyzer Linker 
emulation modes; Printer PE/M Compiler 
nonuniversal FORTRAN Compiler 
Motorola Single processor 6800 Up to 64k Editor RS-232-C 
(USE) with common memory; 6802 Cassette Assembler Teletype- 
nonuniversal Floppy disc Debugger writer mode 
i; Printer Macro Assembler 
Linker 
BASIC Interpreter 
FORTRAN Compiler 
Tektronix Master-slave archi- 8080 16k Host, Editor RS-232-C 
(In-Prototype tecture with split 8085 Up to 64k Target Assembler Teletype- 
Emulator) memory; permits full 6800 Floppy disc Debugger writer mode 
speed emulation and Z80 EPROM programmer Macro Assembler 
control of emulation 9900 Logic analyzer Linker 
modes; universal Printer 
Zilog Single processor Z80 Up to 64k Editor RS-232-C 
(In-Circuit with common memory; Floppy disc Assembler Teletype- 
Emulator) allows only minimal Printer Debugger writer mode 


control of emulation 
modes; nonuniversal 


Macro Assembler 
Linker 
PL/Z Compiler 


*Teletypewriter mode: ORT display is treated as a byte-serial device with data rates of 120 to 960 char/s. 


advantages of such an approach. First, using a standard- 
ized host microprocessor minimizes software cost for im- 
plementing a new microprocessor. The second advan- 
tage is that less of the system resources need be re- 
served for the host system. 

A disadvantage of the master-slave system is that it 
splits memory into two separate spaces. The system 
programmer encounters more difficulty in dealing with 
a split memory and its discontinuous address space than 
with a single large memory. A single memory space 
more ‘effectively handles host functions that require large 
amounts of memory (editor work areas, and assembler 
and compiler symbol tables). Thus, 16k of host memory 
and 16k of prototype memory provide only a 150-line 
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edit buffer. The same 32k memory in a single large de- 
vice supports over 1500 lines of editor code (some of 
this advantage is due to packing the editor data). A 
second disadvantage is the higher cost that additional 
memory and microprocessors add to the system. 

A third and rather subtle disadvantage relates to mod- 
ification of the system programs. Most designers of com- 
puter systems realize that over a long period of time the 
supplied operating software will be modified. This modi- 
fication may add a new 1/0 peripheral device, for ex- 
ample, printer or paper tape reader or punch, 7-track or 
9-track tape drive, hard disc drive, or a number of de- 
vices not included in the original system. With the 
master-slave approach, the designer must modify pro- 
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Fig 3 Master-slave in-circuit emulator architecture. System and prototype functions are divided between 
master (host) and slave (target) microprocessors, respectively. System development functions, such as file 
management, text editing, host I/O, and debugging, are performed by master microprocessor. Prototype 
related functions, such as prototype program execution, prototype I/O, and in-prototype testing, are done 


by slave microprocessor 


grams written for an unfamiliar host microprocessor. 
Thus, an 8080 or 6800 designer might be confronted 
with the necessity of modifying code written for a 2650 
microprocessor. 

The Microemulator 11 systems permit both common 
and separated memories to be used, depending on de- 
signer requirements. A master-slave processor approach 
is used, but all memory is contiguous in the host sys- 
tem. The slave microprocessor is remote from the sys- 
tem (at the emulator plug), and none of its resources 
need to be reserved for the system. Software systems 
written in their native languages support the 8080, Z80, 
and 6800 families of microprocessors. 


Single-Processor System 


In a single-processor system (Fig 4), system software 
usually is written on the target microprocessor. Thus, 
a 6800 designer would modify 6800 code, an 8080 de- 
signer would modify 8080 code, and a Z80 designer 
would modify Z80 code. This type of development sys- 
tem can become a multipurpose device. After becoming 
familiar with the system hardware and software, many 
designers may use that same hardware in the develop- 
ment of test equipment that will follow the design 
through its production life. 


The clear cut advantage of a single-processor system 
is low cost, since much less hardware is included. A sec- 
ond advantage is that one large memory is furnished; 
thus, a 32k memory space provides for 26k of object code 
in the prototype system, and an assembler symbol table 
with many thousands of symbols. The Intel 1cE system, 
while a master-slave system, does provide for one large 
memory accessed by both microprocessors. To do this, 
the system delays the target microprocessor when it 
accesses development system memory. However, this 
compromises the ability to totally emulate prototype sys- 
tem operation. Another advantage of the single-pro- 
cessor system is the use of development system hard- 
ware and software as part of in-plant test equipment. 

A disadvantage of a single-processor system is that 
the manufacturer must entirely rewrite software pack- 
ages for each new microprocessor. Standardization trends 
in the industry make this less of a problem. A second 
disadvantage, depending on the application, is that emu- 
lation is not entirely separate. Thus, most single-pro- 
cessor systems reserve part of the memory space for 
system programs that must be resident during emulation. 
They generally have at least one privileged 1/o address 
to switch the system in and out of emulation mode. De- 
pending on the design of the single-processor system, 
it also may use some DMA capabilities and an interrupt 
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Fig 4 Single-processor in-circuit emulator architecture. Dedicated system development 
functions are programmed in related instructions for direct execution by target micro- 
processor. Differing target microprocessors require associated system software modifications 


structure. The designer can upgrade the emulation capa- 
bilities of the system as needed to support development. 


Summary 


Microcomputer development systems have common ¢a- 
pabilities of processor, memory, console, mass storage, 
in-circuit emulation, and system software. They differ 
in type of operator console, mass storage device, in- 
circuit emulation architecture, high level language sup- 
port, and whether or not they are universal (support 
a wide range of microprocessors from a variety of man- 
ufacturers). 

Development system support for the 8080 and 6800 
and their successor microprocessors is necessary. These 
two microprocessors are standards to some extent, be- 
cause of significant investment in 8080 and 6800 soft- 
ware. The 8080 standard includes as its successors the 
8085, the 8086, and the Z80. The 6800 standard includes 
as its successors the 6802, 6809, and 6502. In general, 
these successor microprocessors, with the exception of 
the 6502, have attempted to remain program compatible 
with earlier versions. Both microprocessor manufacturers 
and designers who invested substantial amounts of money 
in programs to support these microprocessors require 
this compatibility. 

With some 20 manufacturers, most of whom can intro- 
duce one or more microprocessors per year, a universal 
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development system becomes an essential tool for de- 
signers. Since the 8080 is 10 times more powerful than 
the 8008, the Z80 is 2 to 3 times more powerful than 
the 8080, and the Z8000 and 8086 are 5 to 10 times 
more powerful than the Z80, the pressure to adopt new 
microprocessors is intense. Thus, the designer must be 
able to switch the target microprocessor without start- 
ing from scratch. 
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Line Printers 


OEM PRICES FOR END 


PRINTER 
PRICE 


$25,500 
$24,000 


$22,000 


$17,900 


— 


$12,900 “=  ) —— |] 


$11,800 mere 


$9,000 
$6,450 


PRINTER 
PERFORMANCE 


BECAUSE PRINTERS ARE ALL WE SELL 
FROM 100 to 1,500 LPM 


Look at the options, the alternatives available when all you 
pay is the OEM price for a printer. 

Yes, you can step up without going over budget. Geta 
higher speed or a heavier duty or a more flexible printer for 
your available dollars. 


WHAT THE CHART DOESN’T SHOW 


What the price-performance comparison chart doesn't 
show is the product commitment, the service and support, 
that are part of the bargain. 

After all, when printers are your business, your only 
business, you've got to be better as well as cheaper. In fact, 
capability — as much as budget priced printers — has 
helped us become America’s most successful printer sys- 
tem house— with almost 1,500 installations! 


WRITE OR CALL 


So, if you've been considering buying a printer from 
your minicomputer manufacturer, consider the quality and 
performance you'll have to give up. And whether it isn't 
asking you to pay too high a price for such a sacrifice. 

One thing more. We have no one out there drumming 
up business. (It’s another way you save.) So, you'll have to 
initiate the contact. Just write or call for complete printer 
information. There's no obligation. 


PRINTER LEGEND: 
@ DEC printers, drum 
O DAC printers, drum 
[7 DAC printers, ChainTrain* 
P DAC printers, Charaband 
(CJ DAC printers, band 


900 LPM 1,000 LPM 1,200 LPM 


**Registered Trademark of Data Printer Corp 


PDP-11* ALTERNATIVES 
(“DAC printers are plug compatible with all DEC, DG, 
HP, IBM Series 1 and S/3, Interdata and other major 
minicomputers and high-speed communications to 
19.2k baud.) 
DRUM PRINTERS: You can step up from DEC’s 300 
lpm drum to DAC’s 600 for as little as $1,150 extra. 
Identical to the DEC 600, it’s made by the same 
manufacturer. 


CHAINTRAIN: If you're budgeted for DEC’s 600 Ipm 
drum, our 1,000 lpm heavy duty ChainTrain offers 
superior performance plus upper and lower cases and 
printing of letter quality. And it’s not available 

from DEC—or most other mini-manufacturers— at 
any price! (ChainTrains in 600, 900 and 1,200 |pm 
models are also available now.) 

CHARABAND: Our 1,200 Ipm Charaband costs $7,000 
more than DEC's 900 Ipm drum, but gives you easily 
changed character sets and the highest possible print 
quality as well as greater speed. See if it isn’t 

the printer that belongs in your budget. 

LOW COST/HIGH SPEED ALTERNATIVES 
BAND PRINTERS: Never before available to mini- 
computer end users, these remarkably durable band 
printers with 11 quick-change character sets have 
become the OEM standard for high-speed, high- 
volume printing. And one of the best values on the 
market today. 


: Fe Digital Associates Corp. Dept. C « 1039 E. Main St. Stamford, CT 06902 ¢ 800-243-9054 / 203-327-9210 


LINE FOR LINE YOU CAN’T BEAT THE VALUE 
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Ball introduces the industry 
Standard in GRT monitors. 


Accepts wider range 
of horizontal 
input pulse 


IC regulated 
power supply 
on AC models | 


Improved vertical linearity 


Electronic horizontal 
video centering 


Electronic 
H and V 
linearity control 


Now with advanced features you’d never expect 
in a general purpose data display! 


Check out Ball’s TV-Series direct drive monitors. The 
improved performance. The advanced circuitry. The 
new benefits engineered into our field proven line that’s 
already world famous for high reliability and maintain- 
ability. 

As before, our specially selected CRT gun and deflec- 
tion components deliver bright, well defined characters 
with low geometric distortion. And of course Ball’s rug- 
ged wire frame and simple subassembly construction 
offer maximum component cooling and accessibility. 


Ball Corporation Electronic Display Division 


P.O. Box 43376, St. Paul, Mn. 55164 (612) 786-8900. TWX: 910-563-3552 


General Sales Offices: 
Addison, Illinois (312) 279-7400 Santa Clara, California (408) 244-1474 
Ocean, New Jersey (201) 922-2800 Upland, California (714) 985-7110 
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Best of all, our improved TV-Series monitors are com- 
pletely interchangeable in form, fit and function with first 
generation designs. You can upgrade right now without 
interface problems. 


Compare life cycle costs. 


You'll have a Ball. 


Call your nearest Ball representative. He'll be glad to 
introduce you to an old friend. The 2nd generation TV- 
Series monitors. 


7/4 Electronic 
“lle Ditolce 
Division 
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HARDWARE LINK DIRECTS 
MULTICOMPUTER INTERACTIONS IN 
PROCESS CONTROL 


Communications between central and satellite processors in a star- 
configured multicomputer industrial process control system are 
directed and controlled by an interprocessor hardware link embodying 


tradeoffs between speed and simplicity 


Avinash D. Marathe and Anil K. Chandra 


Bhabha Atomic Research Centre, Bombay, India 


| computerized industrial control pro- 
cesses have been under the direction of a single large 
computer. In such a centralized system, the entire pro- 
cess depends on the computer; if it fails, the process 
comes to a halt. While a backup computer may be 
provided, this tactic is usually expensive, and software 
required for a redundant centralized system becomes 
complex and inefficient because of the large and in- 
volved overhead. 

Recent advances in technology have produced eco- 
nomical computing capabilities, resulting in a trend 
toward using multicomputer configurations for direct- 
ing complex process control systems. Among the advan- 
tages to be realized in implementing these configurations 
are parallel processing for improved system response to 
realtime variations, greater software reliability, and 
built-in redundancy.!?:3 

Multiprocessor, as distinguished from multicomputer, 
systems have integrated software working on a single 
input data stream. Main memory and most other hard- 
ware resources are accessible to all processors. In a 
multicomputer system, however, each computer has its 
own operating system working on a distinct data stream, 
memory is seldom shared, and little data transfer occurs 
between constituent computers. 

Multicomputer systems are distributed intelligence 
systems and are ideally suited to applications where it 


is possible to segregate independent subsystems that re- 
quire relatively little interaction. Dedication of a com- 
puter to each subsystem permits the software of each 
computer to be custom tailored to a specific task, re- 
sulting in improved system throughput. Each computer 
in a multicomputer system performs jobs that are spe- 
cifically partitioned to minimize the extent of their 
interaction. 

In many process control applications, however, a sig- 
nificant amount of information generated in a source 
computer must be transferred to a destination computer 
for further processing. The interprocessor communicator 
(1Pc), a hardware link, has been developed to conduct 
and control data transfers in a multicomputer process 
control system. Data transmission rates between the 
various computers, and therefore system throughput, are 
constrained by the design aspects of the 1Pc. 


Multicomputer System Configurations 


A multicomputer system is usually characterized by to- 
pology (Fig 1), composition, control mechanism, type of 
communication channel, and mode of task allocation.* 
Topology refers to the scheme of interconnecting differ- 
ent computers in a given system—star, ring, partially, 
or fully connected. A multicomputer system can have 
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(o) STAR 


(c) FULLY CONNECTED 


(d) PARTIALLY CONNECTED 


Fig 1 Multicomputer connection topology. Sys- 
tems can be developed in four common con- 
figurations. In star (a), all communication is 
handled by single central computer. In ring 
(b), each computer has successor computer, 
and messages flow in circular path. In fully 
connected (c), each computer is connected to 
every other computer. In partially connected 
(d), each computer is connected to subset of 
remaining computers 


all computers identical (homogeneous composition) or 
all computers mixed (heterogeneous composition). The 
control mechanism can be centralized, with only one 
computer making all decisions, or distributed, with de- 
cision-making scattered among all computers in the sys- 
tem. Data transfers may take place in serial mode over a 
single line communication channel or in parallel over 
a multiline channel. Allocation of tasks to each com- 
puter can be dynamic, during system operation, or static, 
during system design. 

Different multicomputer configurations can be evalu- 
ated by such criteria as throughput, software overhead, 
and fail-soft capabilities. For example, a star organiza- 
tion generally permits the highest level of throughput.® 
However, these attributes may not be directly applicable 
to a multicomputer system used in a process control 
environment, where a system is subject to several addi- 
tional design constraints. 

First, a system overview of the controlled process 
must be retained at all times. In a multicomputer sys- 
tem, this overview is best implemented by having cen- 
tralized control in a star-connected configuration. The 
central computer can regularly obtain relevant infor- 
mation from peripheral computers and utilize the data 
to optimize various control parameters. 

Second, the multicomputer system must respond ef- 
ficiently and rapidly to quick changing process control 
parameters. To ensure fast response, the overhead asso- 
ciated with a multicomputer system, such as interpro- 
cessor communication, should be minimal. Therefore, 
except for geographically widespread control systems 
(eg, for oil fields), such communication should be over 
parallel lines. Also, jobs should not be distributed among 
the various computers in real time, but should be as- 


PROCESS UNDER CONTROL 


*8085- BASED 


Fig 2 Typical multicomputer system  configu- 
ration for process control. Master computer 
monitors operator’s console, decides upon course 
of action, and communicates accordingly to 
relevant satellite. Satellites are interfaced di- 
rectly to process. IPC enables various computers 
to communicate with each other; it is viewed 
by each computer as another peripheral 


COMPUTER DESIGN/FEBRUARY 1979 


signed to each constituent computer during system de- 
sign. This allotment is adaptable to process control, 
since the control problems are normally well defined. 

Third, various peripherals, such as discs, tapes, op- 
erator consoles, terminals, and printers, should be sub- 
ordinate to the centralized main computer, which ob- 
viously has to be more powerful than the peripheral 
computers, 

Fourth, for speed, simplicity, and economy, hardware 
units should control the information flow between multi- 
computer system and process. Thus, a given set of sig- 
nals would be routed to a specific computer, implying 
that all jobs associated with these signals should be 
handled only by the corresponding computer. 

Consequently, based on evaluation of the described 
design factors, a heterogeneous star-organized multicom- 
puter system with static allocation of tasks is well suited 
to complex process control applications. A typical system 
configuration (Fig 2) consists of a central master com- 
puter, several peripheral satellite computers, and an 
IPC, with each computer connected to several peripherals. 

In operation, jobs assigned to all computers are syn- 
chronized to be performed in fixed periods of time 
marked by the interval timer. At the beginning of any 
such period, the master computer analyzes the oper- 
ator’s console commands, prepares command words, and 
conveys these commands to the relevant satellite com- 
puters. These computers operate according to the com- 
mands and, at the end of a particular time period, 
prepare status words that are conveyed to the master. 

The tec enables the constituent computers to interact 
with each other. Actual information transferred by the 
1Pc may be of several types. If satellite programs are 
stored on disc, the master fetches these programs during 
initialization and transfers them through 1Pc to the rele- 
vant satellite(s). Most of the information to be dis- 
played on the system CRT is actually generated in the 
satellites, since these computers are directly interfaced 
to the process. Process status information, as well as 
command and status words, are transferred by the 
satellites through the rec to the master. 


IPC Design Considerations 


Several tradeoff factors must be evaluated in the design 
of an Pc for multiple computers connected in a star 
configuration. For example, transfer of data from one 
computer to another can be carried out either under con- 
trol of each participant computer’s program or in the 
DMA (direct memory access) mode under 1Pc control. 
In the program control mode, the source computer writes 
the required information in, as an example, a 128-byte 
RAM in IPC and sets a flag to indicate that data are 
available or that memory is full. The destination com- 
puter subsequently checks the flag and, on finding it 
set, accesses the IPC to retrieve the written information. 

It is necessary to have such information blocks avail- 
able at a dual-port memory for each pair of computers. 
Also, contention problems must be solved in the event 
that two computers simultaneously try to access the 
same memory block. 

In the DMA mode, the source computer provides IPC 
with information regarding size and location of the rele- 
vant block of data, identity of the destination computer, 


and direction of data transfer. Once the transfer is 
initiated, it is the responsibility of rpc to fetch the data 
from the source computer and convey it to the destina- 
tion computer. Normally, data transfers in DMA mode 
are much faster than those in program control mode. 
Also, DMA mode is asynchronous with normal process- 
ing, demanding minimal cpu involvement. For handling 
process control systems, the overhead associated with 
IPC is minimized in the DMA mode. 

In a general process control application, a particular 
computer should be able to communicate with any other 
system computer. This availability permits fast com- 
munication over the shortest path. However, hardware 
required for control and direction of this communication 
configuration is extensive and involves a complex flow 
of control paths. One alternative is to route all com- 
munications through the master. Thus, when data are 
transferred from one satellite to another, the first satel- 
lite transfers the data to the master, which then con- 
veys the data to the second satellite. This path constraint 
is not severe, as the extent of communications required 
between satellites is already minimized by the estab- 
lished scheme of task partitioning. 

Again, in a general application, communications be- 
tween the master and a satellite should be independent 
of any other similar communication in progress. This 
setup results in high processing rates because no satellite 
needs to wait for any other, but dictates that the num- 
ber of data channels must match the number of satellites. 
To save the considerable hardware and cost required 
for a multichannel communications system, albeit at the 
expense of speed, the number of data communication 
channels is restricted to one. The 1Pc can fetch data 
from the source computer, keep filling a multiword 
buffer at one end, retrieve data from the other end, and 
keep conveying data to the destination computer. This 
type of buffer increases the speed of data transfer but 
involves complex control. A simpler alternative is to 
have only a 1-word buffer. 

In addition to cost considerations, each design factor 
involves a tradeoff between speed and simplicity. Higher 
speed operation requires additional hardware, increases 
complexity, and reduces reliability. Since the rpc is a 
critical system node, it is advisable to opt for sim- 
plicity and reliability at the expense of speed. In prac- 
tice, the software structure can be organized to over- 
come some of the speed limitations. 

Data transactions through the 1rc can be initiated by 
any system computer. Because only a single communica- 
tion channel has been established, logic must be pro- 
vided to resolve the conflict of multiple requests. An 
economical alternative is to restrict this privilege to the 
master computer only. In this manner, the master retains 
the desired overview of the system, and controls the 
timing of each data transfer. The rpc link with the 
satellites can be a radial (parallel) or a serial bus con- 
figuration. A radial link is preferable since failure at 
any point in a serial bus link can bring down the en- 
tire system. 


IPC Hardware Design and Operation 


In a typical process control system, motion (speed and 
position), temperature, pressure, flow, and weight are 
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a few of the physical process variables that are mea- 
sured by various transducers, such as potentiometers, 
thermocouples, pressure switches, and flow meters. These 
physical quantities are converted to electrical analog 
signals, which are then digitized by analog-to-digital 
converters. The digitized values are fed to a digital com- 
puter through an analog input unit (AIU), which sam- 
ples the values at periodic intervals. The computer com- 
pares the sampled values with setpoint values stored in 
memory and decides the corrective action to be taken. 

Digital variables representing the state of digital trans- 
ducers, such as limit switches, are similarly fed to the 
computer through a digital input unit (p1u). The com- 
puter analyzes these logic variables and takes action by 
effecting the state of digital outputs through a digital 
output unit (DOU). 

In the process control multicomputer system under 
discussion, a 12-bit minicomputer (PDP-8 type) serves 
as master and four 8-bit microcomputers (MIDGET type, 
using 8085 microprocessors) perform as satellites (Fig 
2). In this system design, only the master initiates a 
transaction. All satellite-to-satellite communications are 
routed through the master, and the master can com- 
municate with only one satellite at a time. 

To effect a data transfer, the master first provides 
relevant information to the 1c. Information required 
includes size of the data block to be transferred, start- 
ing address of the block in the source computer, and 
starting address of the region where this block of data 
is to be deposited in the destination computer. Also, 
the identity of the satellite and the direction of trans- 
fer must be specified before finally instructing the 1Pc 
to commence operation. All data transfers between master 
and Ipc are conducted as 8-bit (1-byte) operations for 
convenience, because of the obvious incompatibility be- 
tween the 12-bit master and 8-bit satellite word lengths. 


THREE 16-BiT 
REGISTERS 


CR7 CRyCRs CRy CR3 CRo CR) CRo 


REGISTER (CR) 
UNUSED 


READ CHECK | 
READ IF 1, ELSE WRITE se 
INHIBIT MASTER PARITY CHECK 


2-BIT SATELLITE 
IDENTITY CODE 


INHIBIT SATELLITE PARITY CHECK 


SR7 SRg SR5 SRq SRz SRa SR) SRo 


8-BIT STATUS 
REGISTER (SR) 


JOB COMPLETED 
READ CHECK ERROR 


SATELLITE PARITY ERROR 


TRANSFER ON 
MASTER PARITY ERROR 


EF = MPE OR SPE OR RCE 


8-BIT COMMAND 


Upon completion of a data block transfer, a check 
is made to verify that the transfer has been carried out 
properly. To effect this check, the master reloads the 
1pc with the sizes and starting addresses of the data 
blocks for the source and destination computers. The 
1ec then initiates a transfer in read-check mode by 
fetching the first data items from each of the two blocks 
and comparing them. If they are not identical, the 1Pc 
informs the master that there is an error in the trans- 
fer. If the first items match, the 1pc fetches and com- 
pares the next two items, and so on, until the entire 
block is completely checked. The 1pe also carries out 
parity checks on the data items. Each computer sup- 
plies a parity bit along with the pMa data byte, and 
the 1pc checks for validity. If necessary, these checks 
can be inhibited. 


IPC Registers 


There are three 16-bit registers and two 8-bit registers 
in the 1pc, all accessible by the software program (Fig 
3). The 16-bit satellite address counter (sac) tracks the 
memory address of the relevant satellite during the 
course of a single master-to-satellite data transaction. 
This register is loaded initially by the master with the 
starting address of the data block in the relevant satellite 
memory. Since the master conducts 8-bit transactions 
only, it requires two instructions to load sac completely 
(see “List of 1pc Instructions”). Contents of sAc are 
incremented during a data transaction as each byte is 
loaded into or read from a satellite. 

The 16-bit block counter (Bc) similarly loads the 2’s 
complement of the size of the data block to be trans- 
ferred, thereby permitting a theoretical maximum of a 
64k block length transfer. In practice, the size is limited 


Fig 3 IPC Registers. IPC has three 16-bit and two 
8-bit registers visible to software. 12-bit master mini- 
computer treats wider registers as three pairs of 8-bit 
registers; it can read and write into all registers except 
status register, which can only be read. Satellites 
have no access to any IPC register 
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DMA REQ (M)=0 
IPC (WB)—=-—M 
MAC = MAC +1 


DMA REQ (S)=0 
SAC = SAC +! 


Fig 4 Flowchart of IPC operations. Sequence of operations is carried out by IPC hardware. IPC 
commences operations when master computer issues initiate transfer (GQ) command. Oper- 
ations are aborted if any one of three errors [satellite parity (A), master parity (B), or read-check 
(C)] is detected 
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List of IPC Instructions 


Instruction 


Read or load SAC (High-order byte) 
Read or load SAC (Low-order byte) 
Read or load BC ~—— (High-order byte) 
Read or load BC —— (Low-order byte) 
Read or load MAC (High-order byte) 
Read or load MAC (Low-order byte) 


Read or load CR 
Read SR 
Initiate transfer (GO) 


Check if IPC Interrupting 
Check if Done 
. Check if Error 


Abort Transfer 


because the master storage capacity is only 32k. The 
BC is incremented when one byte is completely trans- 
ferred from the source computer to the destination 
computer. When BC overflows, it causes IPC operation 
to cease. 

The 16-bit master address counter (MAC) stores the 
starting address of the data block in master memory. 
Since the minicomputer used has only a 15-bit address 
bus, the most significant bit of MAc is not utilized. 

The command register (cR) is an 8-bit latch; how- 
ver, only six bits are defined. Bits cr] and cr0O define 
a 2-bit code (sl, sO), which is decoded to select one 
of the four satellites for participation in the data trans- 
action, Bits cr3 and cr2 can be set to suppress the 
parity checks carried out normally on master data and 
satellite data, respectively. Bit cr4 defines the direction 
of data transfer relative to the master, while bit cr5 
can be set to effect a read check. In the read-check 
mode, the state of bit cr4 is ignored, and rpc reads data 
from both the source and destination computers. Reg- 
isters SAC, BC, MAC, and CR can be read back by the 
master, after loading, to check for errors. 

The 8-bit status register (SR) also has only six de- 
fined bits. Bit srO is set if a data transaction (read- 
check or actual transfer) is completed successfully. 
Bit sRl is set if an error is detected during a read- 
check operation. Bits sR3 and sr2 indicate detection of 
parity error in data received from master or satellite, 
respectively. The Go bit (sr4) stays set as long as any 
transaction is in operation. Bit sr5 is set if any one of 
bits sR3, sR2, or sR1 is set and indicates an error. The 
master can check the state of the error flag (sr5) di- 
rectly without reading the status register. The status 
register is cleared by the load cr instruction. In addi- 
tion, the rpc has two 9-bit (8-bit data + 1-bit parity) 
buffer registers—a read buffer (RB) and a write buffer 
(weB)—for receiving DMA data from the master and a 
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Function 


Transfer 8-bit data between PCT 
data bus and high/low significant 
half of relevant 16-bit counter 


Transfer 8-bit data between PCT 
data bus and CR 


Transfer 8-bit data from SR to 
PCT data bus 


Commence DMA data transfer op- 
erations under control of IPC 


Skip next instruction in software 
program if condition is true 


Stop DMA data transfer oper- 
ations 


satellite, respectively. Both buffers are transparent to 
the software program. 

Typically, the registers operate as follows. The master 
loads the sac, BC, and MAC registers. Then it reads back 
the register contents to check if the loading operation 
has been performed correctly. Next, it loads cr with the 
satellite identity and, for example, a read command. 
Finally, it gives an initiate transfer (Go) instruction. 

In turn, 1pc takes control and begins to effect the 
transfer. The master can check when the transfer is over 
either by polling rpc (check if done) or by waiting for 
an interrupt. If the transfer is not completed within a 
certain time interval, the master aborts the operation 
and attempts again. If the transfer is completed and 
there is a parity error, the master repeats the entire 
process once more. If the transfer is completed success- 
fully, the master reloads the various registers and then 
issues a read-check command. On a read-check error, 
the master repeats the loading once again. If there is an 
error repetition, the master computer informs the op- 
erator’s console. A flow chart of operation within the 
1pc is shown in Fig 4, 


IPC Design implementation 


The master computer has four buses on which all pe- 
ripherals are connected (Fig 5). During DMA _ opera- 
tions, a peripheral presents the address of the desired 
memory location on the address bus, and data transfer 
can take place on the pMA data bus in either direction. 
Data transfers conducted under program control are 
carried out on the program control transfer (pcT) data 
bus. The fourth or control (CNTL) bus carries the con- 
trol signals used during DMA and program control data 
transfers. There are three buses on the satellites—ad- 
dress, data, and control. 
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MASTER BUSES: ADDRESS BUS 

DMA DATA BUS 

PROGRAM CONTROL TRANSFER(PCT) DATA BUS 
CONTROL (CNTL) BUS 
ADDRESS BUS 

DATA BUS 

CONTROL BUS 

MCL = MASTER CONTROL LOGIC 

CCL =COMMUNICATION CONTROL LOGIC 
SCL = SATELLITE CONTROL LOGIC 

CDL =COMMUNICATION DATA LOGIC 


SATELLITE BUSES: 


Fig 5 IPC block diagram. IPC is implemented as 
four logic modules; contiguous boundaries are con- 
nected to each other by signals. Thus, no intercon- 
nections exist between MCL and SCL. IPC connects 
to all computers on their respective buses 


Four logic modules make up the 1PC—MCL, CCL, SCL, 
and cpt. Master control logic (McL) (Fig 6) contains 
all control circuits required for the master to communi- 
cate with rpc. Device identification logic detects the ad- 
dress code for 1pc on the control lines and enables the 
remaining MCL logic blocks. Instruction decoding gen- 
erates suitable control signals to execute the different 
instructions. DMA logic sends a DMA request to the master 
at the proper time and generates the control signals 
necessary to effect such a transfer. MCL also contains 
the command register (CR) and the status register (sR). 

Communicator control logic (ccL) (Fig 7) contains 
the read/write sac, BC, and MAC registers. SAC register 
output is demultiplexed into four normally 3-stated satel- 
lite address buses. During a DMA transaction involving 
a satellite, the relevant address bus is activated, and 
the contents of sac are placed on this bus. Similarly, 
the 3-stated output of the Mac register is activated 
only during a DMA transfer involving the master. Logic 
to increment the sAc, BC, and MAC counters is distrib- 
uted in the MCL and scL modules. 

Satellite control logic (scL) (Fig 8) contains the 
logic required to generate and receive the various con- 
trol signals during a DMA transaction involving a satel- 
lite. These signals effect a read or write operation on 
the relevant satellite memory, and are generated subject 
to the timing constraints imposed by the satellites. All 
outgoing control signals are normally 3-stated. ccL also 
contains logic to increment SAC. 

All pMa data flow is carried out in the communi- 
cator data logic (cpL) module (Fig 9). pMa data from 
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Fig 6 Master control logic block dia- 
gram. MCL is connected to two of four 
master buses, and is connected to other 
three IPC sections by internal control 
bus. MCL contains all control logic re- 
quired for master to interact with IPC, 
and also contains logic to increment MAC 
in CCL after every DMA transfer 
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Fig 7 Communicator con- 
trol logic block diagram. 
CCL contains three 16-bit 
counters—SAC, BC, and 
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ADDRESS 
BUS 


T MAC. Contents of SAC are 
demultiplexed to four nor- 
mally 3-stated address 
buses. During a DMA trans- 
fer to a satellite, address 
stored in SAC is presented 
on address bus of selected 
satellite. Contents of MAC 
are placed on master ad- 
dress bus only during a 
DMA transfer 
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DMA 
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the master are received by the 9-bit write buffer (ws) 
and a parity check is made immediately. Then, the data 
are demultiplexed 1-to-4 and placed on the data bus 
of the selected satellite. pMa data received from a sat- 
ellite are passed through a 4-to-] multiplexer into the 
9-bit read buffer (RB), where a parity check is per- 
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“} IPE 

INTERNAL 
CONTROL 
| BUS 


Fig 8 Satellite control logic block diagram. 
SCL contains logic required to handle DMA 
transactions involving any satellite. In- 
coming signals from satellites are multi- 
plexed onto DMA logic block, and outputs 
are demultiplexed onto control buses. During 
DMA transfers, only control: bus of satellite 
under reference is activated 


formed. Subsequently, the data are placed on the DMA 
data bus of the master. All data buses are bidirectional 
and normally 3-stated. During a read-check operation, 
data are fetched from the master into the write buffer 
and from the selected satellite into the read buffer. Con- 
tents of the two buffers are compared to check if they 
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MASTER PARITY ERROR (MPE) 


1PCc 
INTERNAL 
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SATELLITE PARITY ERROR (SPE) 
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Fig 9 Communicator data logic 
block diagram. CDL contains write 
buffer for storing data from master 
and read buffer for storing data from 
satellite. Comparator checks if con- 
tents of two buffers are identical. If 
they are not identical, comparator 
sets bit SR1 (RCE) in status register 
of MCL. Parity checks are also car- 
ried out on contents of each buffer 


are identical; meanwhile, parity checks are carried out 
on both data items. 


Summary 


Design of an 1Pc link for a star-connected multicom- 
puter process control system discussed here consists of 
a ppp-8 type 12-bit minicomputer and four MIDGET mi- 
crocomputers, built~ around an 8085 8-bit micropro- 
cessor. The multiple computer configuration is more 
powerful and flexible compared to a single centralized 
computer system. 

Hardware and some of the software considerations 
involved in rpc design have been explained. The 1Pc 
design has been simplified to ensure reliability by im- 
posing constraints on interprocessor communication re- 
quirements. Several design factors involved a tradeoff 
between data transfer speed and hardware complexity. 
In all cases, speed has been sacrificed to maintain hard- 
ware design simplicity. Several error check capabilities 
are provided to ensure integrity of all data transactions. 

To ensure hardware simplicity, many Ipc functions 
have been relegated to software, thereby increasing soft- 
ware complexity and slowing down 1Pc operations. Also, 
because of the incompatibility of minicomputer and 
microcomputer word lengths (12 bits vs 8 bits), some 
data bits of the master computer remain unused in data 
transactions. Accordingly, a multicomputer system using 
a 16-bit minicomputer as master would result in an im- 
proved communications solution, and should be con- 
sidered for more powerful process control system designs. 
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DESTROYING A CIRCUIT 
IS AS EASY AS 
WALKING ACROSS A CARPET 


Acrylics, wools, 
silks and 
moving nylons 
in a computer 
room increase 
susceptibility to 
static charges. A 
few steps and a 
spark from body to computer cabinet 
is all it takes to produce a charge as 
high as 30,000 volts. And, if the 
cabinet and/or components are 
poorly grounded, the charge can be 
transmitted to components causing 
overloading and circuit malfunction. 


Metex Shielding Provides 
Ideal Protection from 

Low Signal IC Overload 
Metex shielding products such as 
Combo Strip® Gasketing, Xecote® 
Conductive Coating and Xecon® 
Conductive Elastomer protect your 
equipment by shielding it from this 
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predatory energy...keeping it away 
from digital IC’s and other 
vulnerable components. 


Metex Products Protect 
Against Unwanted 
EMI/RFI Too 

Viewing screens, air vents, cabinet 
slots and any other enclosure 
openings are access points for 
EMI/RFI energy. Easily picked up by 
sensitive components by induction, 
EMI/RFI radiation can cause 
distortion of low power signals and 
overloading of subsequent circuits. 
This may lead to IC degradation, or 
catastrophic failure. 


Metex provides Shield-Vu® Shielded 
Windows of any size or shape, 
constructed of finely knitted wire 
fused between panes of acrylic or 
glass, that offer effective attenuation 
with over 90% visibility. We also 
make air intake and exhaust vents 


CIRCLE 61 ON INQUIRY CARD 


that permit free airflow but are almost 
totally opaque to EMI/RFI. 


Available in configurations to meet 
your needs, Metex shielding products 
are produced to the most exacting 
demands, including France's CISPR, 
the German VDE and U.S. IEEE. 


Protect your digital IC circuitry. Our 
staff of applications engineers will 
assist you now in finding solutions to 
your present and potential shielding 
problems. In the East call 
201-287-0800, west of the Rockies 
call 213-320-8910. To write: 970 New 
Durham Road, Edison, N.J. 08817 or 
20437 S. Western Avenue, 

Torrance, CA 90501 


PARALLEL PROCESSOR 


ARCHITECTURES— 


PART 2: SPECIAL PURPOSE 


SYSTEMS 


High performance special purpose and scientific attached computing 
systems contain architectures that are custom tailored to solution of a 
certain problem. Grouping such systems by intent and capability 
allows general comparisons to be made within these limited classes 


Kenneth J. Thurber 


Sperry Univac, St Paul, Minnesota 


F  ccasine on special purpose systems, Part 2 con- 
siders systems that are specially tailored to perform well 
in only one or a very limited set of applications. These 
machines gain proficiency through associative memory 
or through the capability to provide associative address- 
ing and to perform vector and matrix operations. Per- 
formance comparisons are made within two _ limited 
groups: special purpose parallel processing systems 


Part 1 of this 2-part article, published in January, dis- 
cussed general purpose concepts of parallel process- 
ing, multiprocessor systems, and pipeline and func- 
tional systems. Architectural structures of STAR, ASC, 
and CRAY-1 computers were examined in relation to 
their potential performance in special problem areas. 
In contrasting these machines some of the differences 
between pipeline and functional machines have been 
pointed up, and areas of optimum performance for 
each have been identified. 


(STARAN,! PEPE,? and ILLIAC Iv®) and special purpose 
scientific attached processors (AP-120B,* 3838,5 Bsp,® 
and MATpP’). While this examination of individual arch- 
itectures reveals limitations in application scope, a look 
at how they perform matrix operations reveals perfor- 
mance characteristics that may be expected from each. 


Special Purpose Systems 


Special purpose in the sense that their architectures are 
tailored to provide optimum performance in a certain 
type of application, this category of processors includes 
the Goodyear STARAN, PEPE, and ILLIAC Iv.* Common 
to all of these is the use of an associative memory or 
the capability to provide associative addressing. 


*Portions of the descriptions of the STARAN, PEPE, and ILLIAC IV 
architectures were excerpted with permission from Data Struc- 
tures and Computer Architecture: Design Issues at the Hard- 
ware/Software Interface by K. J. Thurber and P. C. Patton, 
published by D. C. Heath, Lexington, Mass, 1977. 
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Fig 1 STARAN system. System may contain up to 32 memory arrays, controller for arrays, 
external function logic, paging device, sequential controller minicomputer, and memory along 
with associated porting hardware. STARAN E allows each basic memory array to have associ- 
ated backup random access storage that can be paged onto associative memory arrays 


STARAN System 


The STARAN series of processors is based upon the con- 
cept of associative memory. Associative:'memories “ad- 
dress”’ their data via data characteristics (eg, greater 
than, less than, between limits, and equality), rather 
than by the address location of data as in a conven- 
tional random-access memory (RAM). 

Plated wire was used as the storage medium in early 
Goodyear associative processors. These machines con- 
sisted of a basic bit-slice associative processor and, thus, 
were restricted to a bit-serial mode of input/output 
(1/0) access. STARAN B'—a bit-slice semiconductor pro- 
cessor—was designed to correct this deficiency. STARAN E® 
—an advanced sTARAN B—provides a RAM acting as a 
backing store to each associative memory array. These 
processors have parallel word 1/0; they use an exclu- 
sive-OR (xoR) generated, skewed logic storage tech- 
nique. In this technique, a RAM is oriented for bit-slice 
associative processing and essentially stores a bit slice 
(bit slice “i” consists of the ith bit of all words) in 
a single RAM word. Conceptually, the data may be 
viewed as stored and rotated 90 degrees from its normal 
storage orientation in the RAM. 
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To retrieve a word, a bit-serial operation sequence 
is required.® A solution to this problem is to place an 
adder in front of each memory chip decoder in an 
adder skew technique.’° To retrieve bit slices, the adders 
are engaged and the memory chip number is added to 
the address before it is decoded. To retrieve words, the 
adders are ignored. The effect of this process is to 
“‘skew” the data in memory, thereby allowing both bit 
slices and words to be retrieved in a bit-parallel man- 
ner. Unfortunately, this procedure is not as modular 
as desired. 

In a similar technique, xoR gates can he placed in 
front of the chip address decoders and the data skewed. 
In both cases, data may have to be shifted prior to 
storage or after retrieval to ensure that the programmer 
sees both bit slices and words. Furthermore, due to sym- 
metry, it is not essential which mode of storage is desig- 
nated for words or bits, as long as the convention is 
followed after it has been established. 

To the programmer, the basic array appears to 
be addressable in either a bit-slice or a word-slice mode; 
that is, either all bits of a word (word slice) or the ith 
bit of all words (bit slice i) may be addressed. In addi- 
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Fig 2 PEPE system. Complete 
system consists of three con- 


ABBREVIATION KEY: CCU CORRELATION CONTROL UNIT 


ACU — ARITHMETIC CONTROL UNIT 

AOCU — ASSOCIATIVE OUTPUT CONTROL UNIT 
EMC — ELEMENT MEMORY CONTROL 

ODC — OUTPUT DATA CONTROL 

cu — CORRELATION UNIT 

AU — ARITHMETIC UNIT 

AOU — ASSOCIATIVE OUTPUT UNIT 

MEM -— MEMORY 


tion, STARAN can provide capability to address mixed 
modes; for example, it could be set to address two 
contiguous bits of every other word, four contiguous 
bits of every fourth word, etc. 

A basic STARAN memory array contains a logic cir- 
cuit called a flip network (FN). Internally, the machine 
addresses either bit slices (FN is essentially bypassed) 
or word slices (FN addresses “diagonals”). Data, when 
stored in a skewed manner, as described previously, can 
be viewed as stored along a diagonal, ie, a nonvertical 
or nonhorizontal memory map in the memory array. 
The number of word slices and bit slices is 256 for a 
STARAN B memory array, as this size is compatible 


ee hey a 


trollers—CCU, ACU, and 
AOCU. Each controller drives 
set of parallel processors— 
CU, AU, and AOU, respec- 
tively. CU, AU, and AOU share 
common memory and can be 
integrated to form complete 
processing element. Access 
control to memory resides pri- 
marily with ACU. Element 
memory control (EMC) and 
output data control (ODC) 
functions, in conjunction with 
ACU, establish memory exclu- 
sion capability during oper- 
ation. All controllers have ac- 
cess paths to host processor 


with many commercially available RAMs. Most of the 
FN logic can be implemented utilizing off-the-shelf se- 
lector decoder logic and xor chips, specifically, Mcl10174L 
selector chips and mcl0107L xor chips. Cost of FN 
is about 80% of the cost of a memory array; the array 
(256 words x 256 bits) contains 65,536 bits, and FN 
is equivalent to about 50,000 bits. 

The basic memory array also contains X, Y, and M 
registers in parallel, each consisting of 1 bit/associative- 
memory word. The X register stores temporary results; 
the Y register acts as a search-results register, that is, 
contains the results of search, arithmetic, and logic op- 
erations; and the M register specifies element activity. 
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UP TO 288 POSSIBLE ELEMENTS 


This last register, in the bit-slice mode, corresponds to 
a word-select register and, in the word-slice mode, to 
a data register. 

Each processing array has the capability to perform 
either of the two variable logical functions between reg- 
isters. STARAN does not have a dedicated serial adder 
on a per word basis. However, the X and Y registers, 
using logical functions, appear to have this capability. 
This cuts the cost of an array, but requires the facility 
for high speed operation within the X, Y, M register 
complex. 

Each of the 256-word x 256-bit associative arrays 
includes a 256-bit resolution system. Since the asso- 
ciative processor does not have addresses in the con- 
ventional location sense, memory can be viewed as 
ordered from the top location to the bottom location. To 
manipulate a specific location, a device is provided that 
allows the programmer to address the topmost word, 
which has been identified by the search process as satis- 
fying the specific search criteria. This device is called 
a multiple match resolution system or responder. Mul- 
tiple matches can occur because many locations can sat- 
isfy the search criteria. Response resolution is a con- 
tinual process that occurs after every search operation. 
This process is implemented via a special logic network. 
Resolution is always cecurring in each array, and the 
system interface is a 9-bit response output. 
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gram memory, I/O channels, sequen- 
tial control logic, parallel instruction 
queue, parallel instruction control unit, 
and intercommunication logic. Latter 
receives and processes _ interrupts, 
both external and from CCU and 
AOCU. Sequential code is executed 
by sequential code logic; parallel code 
is routed to parallel instruction con- 
trol unit for execution 


Eight bits give the address of the first responding 
location, and the ninth bit is the inclusive-or of the re- 
sponse register. Thus, eight bits specify the location of 
the topmost matched word of each 256-word associative 
array. The ninth bit specifies to the system that the 
array has a match. By using the ninth bit, the system 
can then resolve matches between the system’s 32 mem- 
ory arrays, giving STARAN the capability of presenting to 
the programmer an 8192-word contiguous associative 
memory system, even though no array is larger than 
256 words. A complete sTARAN may be composed of up 
to 32 basic memory arrays (Fig 1). 

1/0 is not definable for sTARAN because each system 
is unique with regard to 1/o requirements. Typical ca- 
pabilities include direct memory access (DMA) to a 
host computer, buffered 1/o for peripherals, communica- 
tion through external function logic, and parallel 1/o 
channels into any array. A minicomputer functions as 
a sequential controller and host for the associative pro- 
cessor controller and associative memory arrays. 

Assembly language APPLE* (Associative Processor 
Procedural LanguagE) has been developed for sTARAN. 
Assemblers for APPLE are custom tailored for the indi- 
vidual machine installation. Few 1/o instructions are 
included in the language, since 1/0 is also customized 
for each installation. 


*appLe is a registered trademark of Goodyear Aerospace Corp, 
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TABLE 1 


Comparison of Parallel Processor Capabilities 


PEPE 


32 bits 
32 bits 


1k bytes/PE 


In host 
100 ns 
Up to 288 


32-bit floating 
point accumu- 
lator oriented 


8800 gates 


Yes 
Linear array 


ILLIAC IV STARAN 
64 bits 256 to 1024 bits 
32 bits 16 bits 
2k bytes/PE Basic module 256 
: words of 256 bits; 
a up to 32 modules 
Paged to PE Available per module 
250 ns 100 ns read 
64 1/word of 


64-bit floating 


associative memory 
Serial adder 


Connections 
Parallel Operation Yes 
Within Arithmetic Unit 
Associative Yes 
Addressing 
High Order Language PFOR 
Processing Speed 
Add 300 ns* 
Multiply 1.9 ps* 


1. Time for one PE; all PEs may operate in parallel 
2. Two operations may complete in this time 


point accumu- oriented 

lator oriented 

10,000 gates Serial adder 

Yes Yes 

4 nearest Not convenient 

neighbors (available by data 
shifting) 

Yes No 

Pseudo Yes 

GLYPNIR None available 

500 ns* 0.85 us/bit 

700 ns** — 


3. May be computed as N2 times 0.85us, where each operarid is assumed to Consist of N bits. 


PEPE System 


A parallel element processing ensemble (PEPE) system 
(Fig 2) comprises processing elements (PEs) designed 
for ballistic missile radar defense data processing. The 
system can input data in the correlation control unit/cor- 
relation unit (ccu/cU) complex, update tracks in the 
arithmetic control unit/arithmetic unit (AcU/AU) com- 
plex, and output radar control commands through the 
associative output control unit/associative output unit 
(Aocu/aou) complex, simultaneously. The cu and Aou 
portions of PEPE have facilities which correspond to an 
associative memory capability for track correlation and 
track output ordering, respectively. 

Since the three complexes are similar in operation, 
only the acu/AU complex is described. Execution se- 
quencing consists of an instruction fetch and an in- 
struction evaluation. The result of this process is a ma- 
chine instruction, which is sent either to the sequential 
control section for execution on sequential (control 
unit) variables or to the parallel instruction queue (PIQ) 
for transmission to the parallel instruction control unit 
(picu) for execution as a parallel instruction to operate 
on variables contained in the parallel operating PEs. The 
PIQ is invisible to the programmer, while the Picu is mi- 
croprogrammable. The PEs are hardwired to execute as 
slaves to the PICU microinstructions. 


The acu sequential control logic section (Fig 3) con- 
sists of the following capabilities: accumulator and ex- 
tension, index, condition, interrupt mode, and 1/o buf- 
fer registers; the AU has accumulator and extension, 
arithmetic overflow, double precision carry, element ac- 
tivity, element fault, tag, and activity register capabil- 
ities. Processing elements in PEPE use the activity stack 
concept to support nested control structures from the 
extended version of Parallel FORTRAN (PFOR) program- 
ming that is available. Like sTARAN and ILLIAC IV, PEPE 
operates with a concept of processing element (PE), 
activity; ie, a processing element is either active (par- 
ticipates in an operation) or is inactive (does not par- 
ticipate). PEPE, however, does not use a single flip-flop 
to control activity; instead a set of flip-flops in éach 
PE is organized as an activity stack. In addition to nor- 
mal operational concepts usually associated with activity, 
the activity flip-flops in a PEPE PE Can operate in a 
last-in first-out (LIFO) stack mode. This idea is referred 
to as the activity stack in PEPE. 

PFOR contains constructs that allow for both sequen- 
tial (control unil) variable and parallel (PE) variable 
declarations. Parallel arithmetic and logic expression 
evaluations are also provided. The PFOR WHERE state- 
ment is the parallel analog of the FORTRAN IF. A count- 
ing function is available to tally the number of active 
elements, and to furnish the exact number of matches 
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DESCRIPTOR 
CONTROLLER 


CONTROL BUS 


DATA AND 


| 

) 
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MODE STATUS 

OF ALL PEs Fig 4 ILLIAC IV control unit. 
INA QUADRANT — FINST corresponds to PEPE ACU 
ah parallel instruction execution 
unit; ADVAST corresponds to its 
ACU sequential control logic. 
Note that instructions for CU are 
obtained from PE memories as 
either operand or _ instruction 
stack; thus CU does not actually 
have private data or program 
memory 


CONTROL BUS 


ADDRESS BUS 


and indications of none, one, many, or all in the match 
indication subsystem. An analogy to the FORTRAN logical 
IF statement is also provided. Lastly, a parallel po state- 
ment to control sequencing is available. An assembly 
language—parallel assembly language (PAL)—supports 
commonality. Each of the six units—ACU, CCU, AOCU, 
AU, CU, and aou—is able to execute a subset of PAL, 
thereby simplifying software problems. To date, two 
versions of PEPE have been built and benchmarked 
(Table 1). 


ILLIAC IV System 


A functional block diagram of the ILLIAc Iv control unit 
(cu) is given in Fig 4 and the processing element (PE) 
in Fig 5. The cu—composed of five major subsections: 
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instruction look ahead (1LA), advanced station (ADVAST), 
final station (FINST), memory service unit (MsU), and 
test and maintenance unit (TMU)—controls the sequenc- 
ing of PE quadrants. PEs are interconnected to each of 
their four nearest neighbors. Originally, ILLIAC IV was 
conceived to consist of 256 PEs. These were subdivided 
into groups of 64 elements, four 8 x 8 arrays or quad- 
rants. Only one 8 x 8 quadrant was built. A concept 
for multiquadrant operation was conceived but not im- 
plemented. CU instructions are fetched from PE memories 
and paged into 1La. Thus, functionally, cu has an in- 
struction memory but, physically, memory is an inte- 
gral part of the PE quadrant memories. This allows 
ILLIAC IV programs to be different in separate quadrants 
and to be fetched from backing storage at the same time 
that PE data are fetched. Each pe could be viewed as 
part of a processing unit (pu). A PU could be viewed 
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TO AND FROM 
NEIGHBORING DATA FROM DATA BUS 
PEs PE MEMORY FROM CU 


as containing memory to hold PE data. Large volumes of 
data are held on a set of discs used as backing storage 
for the memory associated with each pu. The cu con- 
tains four general purposé accumulators, several con- 
trol registers, a 64-word scratchpad, and quadrant con- 
trol registers. The aDVasT subsection examines each in- 
instruction and executes sequential instructions. Parallel 
instructions are decided by FINST and transmitted to PEs 
for execution. ‘ 

The processing unit (PU) consists of the PE of Fig 5, 
its memory (PEM), and the memory logic unit (MLU) ; 
the PE contains no control logic. PE registers visible to 
the programmer are: results register A, activated by 
PE activity statu8; operand register B; intermediate 
storage register C, which is always enabled and used 
for communication; and intermediate storage register 
S, which is operable only if PE is active. 


ADDRESS TO 
PE MEMORY 


TO AND FROM 
CU 


Fig 5 ILLIAC IV processing ele- 
ment. Mode register is set by CU 
to specify processing mode. Rout- 
ing register is used to facilitate 
inter-PE communications. Other 
functional blocks include 32-bit 
arithmetic unit, Boolean logic unit, 
and high speed barrel shifter (logic 
network designed to provide var- 
iable distance shift capability on 
data words) 


DATA TO 


PE MEMORY 


Double indexing is possible in rLL1Ac Iv. Double index- 
ing consists of the ability to index a variable at two 
locations: once at the control logic level and then at 
the PE logic level. Importantly, the index value may be 
different in each PE. A number of higher order languages 
(TRANQUIL and IVTRAN) have been proposed for ILLIAC IV. 
The current de facto standard appears to be GLYPNIR, an 
extension of ALGOL. It is block-structured, and provides 
for both sequential and parallel variable data declara- 
tions. Parallel assignment statements are also available. 
Furthermore, arithmetic capabilities may be controlled 
with a routing index, which allows the computation to 
be performed remotely (in another PE) and routed to 
the currently active PE. GLYPNIR constructs are avail- 
able to provide dynamic storage allocation, and data 
declarations allow static storage allocation. Pointers are 
supplied to support a record-processing capability. Point- 
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Fig 6 AP-120B processor. 
Hardware is structured to 
perform high speed multi- 
plication and addition oper- 
ations. Specialized data 
program, and table mem- 
ories are provided as well 


FLOATING 
MULTIPLIER 


| ARITHMETIC RESULTS DATA 


ers may be vectors and may be confined (PE pointer) 
or nonconfined (cu pointer). Although ILLIAc Iv is de- 
signed primarily for matrix processing, it can be pro- 
grammed to look like a 64-element associative memory. 


Special Purpose System Comparison 


Architectures and capabilities of STARAN, PEPE, and 
ILLIAC IV differ substantially (Table 1). sTARAN uses 
bit-serial arithmetic, PEPE uses 32-bit arithmetic, and 
ILLIAC IV uses 64-bit arithmetic. Both ILLIAc Iv and 
PEPE have high order languages available, but sTARAN 
has only an extensible assembly language. STARAN is 
designed to operate solely using associative addressing. 
PEPE uses associative addressing for input (in the cuu/cU 
complex) and for output (in the Aocu/Aoc complex). 
ILLIAC IV is designed for use of random-access address- 
ing, but can be used also in a pseudoassociative mode. 
Additionally, it has a high level of PE interconnectivity 
with PEs being connected to their four nearest neighbors. 
PEPE is arranged in a linear array with limited nearest 
neighbor communications available. No convenient near- 
est neighbor connections are available in STARAN. This di- 
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as 3-stage pipelined multi- 
plier and 2-stage pipelined 
adder. System connects to 
host via either 1/O or DMA 
channel 
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versity of architectures makes for interesting study, but 
each architecture is severely limited in its application 
potential. 


Scientific Attached Processors 


Although many vendors manufacture scientific pro- 
cessors, the following scientific attached processors have 
been selected for discussion because of their architec- 
tural diversity. Floating Point Systems’ ap-120B is a high 
performance pipeline system containing an addition pipe 
and a multiplication pipe designed for scientific signal 
processing applications. Comparable architecturally 
to AP-120B, the 18M 3838 is designed with a different 
overall system concept while the basic attached processor 
is similar. The Data West MaAtTP consists of up to four 
pipelined processors and, thus, can be viewed as a multi- 
processor based attached processor; ie, it is a hybrid 
multiple instruction multiple data stream/single instruc- 
tion multiple data stream (MIMD/SIMD) system concept. 
Consisting of a single instruction multiple data stream 
(sIMD) oriented system the Burroughs ssp has 17 mem- 
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ory modules with only 16 processors; this alleviates 
memory access problems for processed data. 


AP-|20B Processor 


A fully parallel, microprogrammable, pipelined, float- 
ing point processor, the ap-120B (Fig 6) consists of a 
3-stage pipelined adder and a series of scratchpad and 
data memories. It is interfaced to a host over either an 
1/0 or DMA channel to provide a high performance sys- 
tem oriented toward signal processing. The system’s func- 
tional hardware is typical of machines of this class. 
Major functional blocks are control unit containing mi- 
croprocessor sequencing and data transfer control logic; 
program source memory made up of writable control 
store; data pad consisting of two register files totaling 
64 registers; floating adder, a 2-stage pipeline capable 
of executing normalized, convergently rounded oper- 
atioris; floating multiplier, a 3-stage pipeline; S-pad unit 
consisting of 16 registers, arithmetic logic unit, shift 
controls, and decimate operator for use in address in- 
dexing, counting, and integer arithmetic operations; 64k 


Fig 7 IBM 3838 processor. Processor’s two 4- 
stage pipelined adders drive 4-stage pipelined 
multiplier. Series of memories is provided for 
working storage and microprogram control 


words of main data memory; table memory holding 
roots used to generate real and imaginary numbers 
needed for fast Fourier transforms; maintenance path; 
and interface controller. (A more detailed description 
of the processor’s functions can be found in “Array 
Processor Provides High Throughput Rates,” W. R. 
Wittmayer, Computer Design, Mar 1978, pp 93-100.) 


3838 Processor 


The 3838 is a pipeline scientific processor (Fig 7). It 
consists of two 4-stage adders and one 4-stage multiplier, 
as well as a microprogrammable controller and memory. 
Designed to attach to a System/370 via a block-multi- 
plexer channel, it can transfer information at the rate 
of 1.5M bytes/s. With an optional 2-byte interface, 
maxium data rate is 3M bytes/s. 

The 3838 appears to the host central processing unit 
(cpu) and block multiplexer channel as a shared con- 
trol unit, encompassing a maximum of eight unshared 
ports. Ports (subchannels) 1 through 7 support sepa- 
rate programmer-defined tasks on a block multiplexing 


ri 


basis. Subchannel 0 is reserved for the control pro- 
cessor (CP). 


MATP Processor 


In the Matp Real Time mr are from one to four micro- 
programmable. processors (Fig 8). Each of these pro- 
cessors comprisés one writable control store and one 
control processor, which includes a processing unit, an 
index unit, and a memory map unit. Each index unit has 
up to 48 general index registers, 16 increment registers, 
16 parameter registers, and a special bit-reverse register. 
Also included is a base register to displace the index 
values a fixed number of locations. All of these registers 


ADDRESSES 


and the processor loop-counter stack can be loaded from 
the writable control store or from the parameter stack. 
Each control processor has LIFo stacks of 16 program 
counter registers, 16 branch address registers, and 16 
loop-counter registers that control the different address- 
ing computations encountered in typical signal pro- 
cessing algorithms. 


BSP Processor 


BSP consists of a control processor (cP), 16 arithmetic 
elements (AEs), a parallel memory (PM) consisting of 
17 memory units, an alignment network to interface the 
AEs and PM, a file memory (FM), and a file memory con- 
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DATA AND 


ADDRESS 


Fig 8 MATP_ proces- 
sor. Processor consists 
of up to four pipeline 
processors. sharing 
common data memory. 
Each processor can be 
controlled by separate 
writable control store. 
Primary means of host 
communication is via 
CONTROL set of program chan- 
nels that connect to 
host I/O channels 


CONTROL 
AND DATA 
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FILE MEMORY 


PARALLEL MEMORY 
(17 BANKS) 


Fig 9 BSP processor. Architecture is unique 
RaTROL for scientific attached array processor. One 
AND control unit drives 16 arithmetic elements that 
MAINTENANCE operate synchronously. These 16 arithmetic 
UNIT elements access subset of 17 memory banks 
through alignment network. This capability 

tends to minimize memory access conflicts 


PARALLEL PROCESSOR 16 PARALLEL $ 
CONTROL UNIT ARITHMETIC ELEMENTS 


TABLE 2 
Comparison of Attached Processor Capabilities 


AP-120B 3838 MATP BSP 
Data Word Size 38 bits 32 bits 32 bits 48 bits 
Processor Pipelined Pipelined Pipelined Pipelined 
Number of | 1 1to4 1 
Controllers 
Number of 1 1 1to4 16 
Processors 
Memory Size 32k to 1M 2 16k-byte 65k bytes 500k to 
bytes sections 8M bytes 
Clock Rate 167 ns 100 ns 100 ns 320 ns 
Microprogrammed Yes Yes Yes Yes 
Writable Control Yes” Manufacturer Yes Manufacturer 
Store only only 
Architecture Pipeline Pipeline Pipeline Pipeline 
MIMD/SIMD SIMD 
Speed* 12 30 120? 1.5 Scalar* 
50 Vector 
Add 6 20 2x 40 
Multiply 6 10 40 


1. Speed is theoretical. Peak operation rates are quoted in terms of millions of floating point operations 
per second 

2. Assumes maximum configuration of four processors and controllers 

3. BSP PEs do not multiply and add simultaneously; thus speed rating scheme used hére ddes not reveal 
their best features; it was chosen because it illustrates peak performance from other systems being 
considered 


trol unit (Fig 9). The cp provides for parallel processor 
control. It consists of a controller, a scalar processor, and 
a parallel processor control unit. 

The parallel processor performs array oriented com- 
putations by executing 16 floating-point operations si- 
multanéeously in its 16 arithmetic elements. Thus, the 
architecture of BSP is a SIMD array rather than a pipe- 
line (eg, in comparison to AP-120B or 3838). Data for 
array operations are stored in a parallel memory. Par- 
allel memory is accessed by the AEs through an align- 
ment network (AN). AEs operate at a clock frequency of 
6.25 MHz; more common arithmetic operations are com- 
pleted within two clock periods. 


Scientific Attached Processor Comparisons 


Interestingly, the ap-120B, Bsp, MATP, and 3838 are all 
essentially designed as competitors (Table 2); yet, their 
architectures vary considerably. The BsP provides the 
most striking contrast. It is a sIMD processor with 16 
slaved processors and a single controller. Furthermore, 
the processors do not have dedicated local memories 
but, instead, share 17 memories through an alignment 
network to avoid memory conflicts. The ap-120B, MATP, 
and 3838 processors are more conservative designs, 
since they are all basically pipeline processors. MATP 
uses four pipeline processors in a multiprocessor based 
configuration; AP-120B and 3838 are single pipeline pro- 
cessors, but each processor has more than one pipeline. 
The Ap-120B has one adder pipe and one multiplier pipe. 
The 3838, however, has two adder pipes and one multi- 
plier pipe. 


Matrix Multiplication on 
Parallel Processors 


A parallel processor’s potential performance can be 
demonstrated by performing matrix type data manipu- 
lations. A major computation in many potential appli- 
cations is matrix multiply. When applying high per- 
formance processors to such tasks, design of both hard- 
ware and software systems is extremely application de- 
pendent.* In many cases nonstandard algorithms must 
be developed to ensure adequate system performance. 

Examples of these are the algorithm derived by Can- 
non” to multiply two n x n matrices together in n 
stages using a parallel processor with multiple PEs, each 
containing three registers and each interconnected to 
its four nearest neighbors. Analysis and simulation of 
matrix operations on a paged pipeline processor has 
been performed by Elshoff.1* His findings resulted in 
formulation of three rules that may be applied to prop- 
erly set up matrices for processing in a least recently 
used paged environment on a pipelined processot. 


Summary 


Very high petformance parallel processors provide a 
richness of architectural concepts that range in appli- 
cation suitability from general purpose computing to 
special purpose vector or associative oriented problems. 
This discussion of parallel processing concepts covers 
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séveral existing large scale systems, summarizing major 
architectures. The systems can be classified into four 
major categories: multiprocessors, pipeline and func- 
tional systems, special purpose systems, and scientific 
attached systems. Generic multiprocessor systems are 
distinguished by their processor interconnection tech- 
nique and can be grouped as common bus, crossbar 
switch, and multiport memory system. 

No clear distinctions exist as far as surveyed large 
scale architectures are concerned. Almost any available 
architecture can be interpreted as more advantageous 
than another if a specific problem subset is selected. 
Unless the designer has a definitive problem solving 
goal, the choice of relevant architecture will be an in- 
distinct solution to an arduous task. Definitive com- 
parisons are also difficult because computer capabilities 
are as different as the originally intended applications. 
The preferred compromise approach is to group ma- 
chines by intent and capability and then to make specific 
comparisons and benchmarks within a limited class. 
Hopefully, in the future, investigative techniques for ac- 
curate correlation of widely varying machines will be 
developed. For the present, broad architectural and per- 
formance variations should constrain designers to care- 
fully evaluate comparisons of large scale computers. 
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We made Schottky faster-acti 
cudaenier une iia 


Until now, to get Schottky speed, you had to live with certain design head- 
aches. Heavy power consumption and noise sensitivity, to name a couple. 
But those days are over. Fairchild has made a whole Schottky TTL 

logic family called Fairchild Advanced Schottky TTL. Or, FAST. It delivers 
upto 75% more speed 
than Low Power 
Schottky. Up to 20% 
more speed than 
Schottky. With only 
25% of Schottky’s 
power requirement. 
High-potency logic. 
So now you can 

drive more circuits 
with less power. And 
put the power you 
save to work some- 
where else. But the 
best part is, FAST 
extends the life of your 
TTL logic designs and 
equipment by cutting 
the difference between Schottky and 10K ECL to almost nothing. And with 
FAST, there's no need to learn a new logic system. 

pts — FAST gives you external gate 


+ 
Part | PHL (ns) | PL (ns) | delays of 4-4.5 ns over the full 
Lanes ee a a commercial and military temperature 
74FO2PC Ih 26° ne 3.5 _ d It hil d Ne 
aaa or = and voltage ranges while driving 
yaroepc | 36 ~~~(| ~~~ 41~~*«|:~ SO pF loadcapacitance. Internal 
7AFIOPC | 7 29 gate delays are 1.5 ns and power 
(lt a oS a 42 consumption is typically 4 mW per 
74F20PC 7 | a \ e te f : | hreshold 
t ‘ gate Tunction. Input thresholds are 
TAF32PC 35 39 rare ae 
Fariare 7 ag 1.5 V and output drive is identical 
“Typical 15 pF Gate Delays ~| to20mA Schottky. 
FAST Yet, as revolutionary as FAST is, 


it's proven. It's manufactured using Fairchild's patented, time-honored 
lsoplanar process. You can depend on it. 


The basic ingredients. 

These nine FAST parts are available now, with many more familiar 
functions coming soon. To get FAST facts, 
call (415) 962-3716. Or, contact your Ea SE 
Fairchild sales office, distributororrepre- = AI RCHILO 
sentative. Fairchild Camera and Instrument (qs 
Corporation, P.O. Box 880A, Mountain Call uson it. 


View, CA 94042. TWX: 910-379-6435. (415) 962-3716 


SUPER SCHOTTKY 


CIRCLE 62 ON INQUIRY CARD 115 


DESIGN NOTE 


Disc File Actuator Design 
Permits Increased Track Density 


A dual-structured disc file actuator design incorporating coarse and 
fine location positioners for precise long and short travel excursions, 
respectively, fulfills accuracy and reliability requirements imposed 


by narrow-track discs 


Rudolf W. Lissner, David H. McMurtry, and Richard A. Wilkinson 
International Business Machines Corporation, San Jose, California 


A disc file actuator must position 
a magnetic head across the surface 
of a disc quickly, to minimize cen- 
tral processing unit wait time, and 
accurately, on a magnetic track that 
has a width approaching 0.001” 
(0.0254 mm). Since disc bearings 
have minute high frequency vibra- 
tions, the servo must drive the actu- 
ator to compensate for these vibra- 
tions. As track widths get increas- 
ingly narrow, the mass of a large 
actuator limits its ability to follow 
these vibrations. Actuator ball bear- 
ing inconsistencies, which were less 
noticeable in low track density ma- 
chines, become problems in high 
track density machines. 

To increase track density on mag- 
netic discs, accurate servo operation 
of the linear actuator is needed. 
However, the ball bearings normally 
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First stage actuator 


Flexural 
“a pivot 


Disc 
Z Working gap 
Ph _ 
— Flat rectangular 
armature 


Second -stage eis Stationary magnetic 


actuator movement 3 aa circuit structure 
wa \ ~~ First-stage actuator 
movement 


Magnetic hear 


—-- Lightweight pivot arm 


Fig 1 Two-stage disc file actuator design. While moving mag- 
netic heads to specified track, first-stage actuator carries second- 
stage actuator linearly to coarse position. Then, second-stage 
actuator pivots to designated track 
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penciled fill-ins by hand! 
And see how well shading 
patterns identify intersec- 
tions. 


Calma does it. Motorola does it. ETEC helped 
Micro Mask do it. Leading IC system builders, 
semi houses and mask makers are breaking the 

IC plotting bottleneck with Versatec electro- 
static plotters. 


While your pen plotter is strug- 
gling to make one circuit drawing, they 
get two, three or more. 


They produce plots more complex 
than anything you've ever attempted 
with a pen plotter. Up to four million vectors, not 
counting fill-in patterns. 


Need clearer discrimination of levels? Their 
electrostatic plotters label circuit paths on different 
levels with shading, not sans outlines. No more 


They plot in widths 
up to six feet. On trans- 
lucent paper for fast, 
accurate overlays. 


Their electrostatic 
plotters cost less to 
buy, less to operate 

than pen plotters. They 
never lose plots to a skip- 
ping pen or a balky solenoid. 


They were up and run- 
ning fast. Versatec 
hardware/software interfaces link to 
their computers and application programs. 
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ig ee 


Working gap 


Permanent magnet |! 


Permanent magnet | 


“ae 
$ P 
lermanent 
magnet 


Soft iron 
return path 


Fig 2 Basic magnetic circuit for single second-stage 
actuator. Circuit has two sections with opposite flux 
directions. Both sections form working gap between soft 
iron pieces and permanent magnets 


used to support the actuator have 
marginal performance characteristics 
over the short linear excursion nec- 
essary to keep the magnetic head 
precisely positioned on the disc 
track. A solution to this problem is 
to support these linear excursions by 
a Bendix Flexural™ Pivot. Several 
technologies, such as_ piezoelectric 
and magnetoresistive, were consid- 
ered for the second-stage actuator, 
but were rejected because they re- 
quired high voltage or high current 


f= '2 
(A+B+C/2) 


ye 
(A+2B+C) 


Armature 
winding 


re A 
(A+B+C/2) 


and exhibited an undesirable hys- 
teresis effect. A voice coil technology 
has been considered attractive since 
it requires low power and has neg- 
ligible hysteresis. 

By combining a Flexural pivot, a 
voice coil actuator for short excur- 
sions, and coarse mover for long ex- 
cursions, a disc file actuator system 
can be designed that will minimize 
bearing static friction (stiction) 
and lighten the moving mass for 
small, precise, track-to-track motions. 


Inside coil width (also) 
is stroke distance 


B Coil winding width 
C = Armature clearance 


W = Head width (start-stop 
zone) 


Working gap width| 

of stationary 
magnetic 
fields 


Ss Armature spacing 
D = Width of data band 


L = Length of stationary 
magnetic fields 


S'=A+2B+C 
D=S'-W 
= (A + 2B + C)-W 


UD = Unusable data width 
= D-A=A+2B+C-W-A 
; UD = 2B+C-W 
(eg) if B = 0.10,C =0.20, W=0.10 


then: 


UD = 0.20 + 0.02 - 0.10 
UD =0.12 


Start-stop 
zone 


Fig 3 Magnetic circuit sections. Dimensions of individual sections 
govern width of data band, width of unusable data track, length of 
middle magnetic circuit section, and length of end magnetic circuit 
sections 
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Actuator Design 


A 2-stage actuator design has been 
evolved in conjunction with a servo 
concept in which a:2-layer disc con- 
tains both servo and data informa- 
tion. The servo information is per- 
manently written directly beneath 
the data. The servo head and the data 
head are mounted on a common 
slider that flies over the rigid disc 
surface. This actuator concept ap- 
plies equally well for servo informa- 
tion alternated with data in discrete 
sectors on the same surface of the 
disc. 

The coarse or first-stage (F-s) ac- 
tuator can be a standard voice-coil 
actuator, a linear stepping motor, or 
another linear actuator. The fine or 
second-stage (Ss-S) actuator consists 
of the following components (Fig 1) : 


(1) a lightweight pivot arm sup- 
porting a magnetic head (or heads) 
on one end and a flat rectangular 
coil on the other, 

(2) a Flexural pivot providing the 
rotation axis, and 

(3) a shielded magnetic structure 
mounted to the machine frame can- 
tilevered between the discs. This core 
has a slit gap containing the flat rec- 
tangular coil. The magnetic structure 
is segmented into discrete magnets 
with alternating polarity. The two 
driving legs of the rectangular coil 
are within the gaps of the adjacent 
magnets. 


The s-s actuator is unique in that 
the armature neither is attached nor 
has a fixed relationship to the mag- 
netic circuit. The magnetic circuit 
that provides the working gap is 
fixed in place; hence, it is not part of 
the F-s actuator moving mass. 

During a seek operation, the F-s 
carriage holding the s-s actuator is 
coarse positioned, causing the flat 
rectangular coil to move linearly like 
a generator in a magnetic field (a 
torsional unbalance force would be 
created). In this case, the coil is pre- 
vented from generating current by 
solid-state circuits or by opening the 
circuit (disc file logic control). After 
reaching the final coarse position, 
current is applied to the coil, caus- 
ing the arm to pivot. The head can 
be positioned over approximately 20 
tracks, and the track-following-disc 
runout is monitored by the servo 
position error signal. 
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The Flexural pivot is a commer- 
cial unit capable of limited rotation 
about one axis with high stiffness in 
other directions. Several sizes of 
pivots were tested to determine their 
stiffness about the two rotational axes 
and in the two translational direc- 
tions lying in the plane of the arma- 
ture. These values were used in a 
NASA Structural Analysis (NASTRAN) 
finite element structural model of the 
armature to determine natural fre- 
quencies and vibration mode shapes. 
Angular excursion of the 0.25” 
(0.635-cm) diameter pivot is +1° 
for the configuration described. Pub- 
lished data indicate a fatigue life of 
>0.94 x 10° cycles for a 0.25” 
(0.635-cm) pivot flexing +9°.* It is 
considered that this reliability cri- 
terion will be adequate for the life 
of the machine. Center shift caused 
by +1° of rotation is only 0.25 
pin (63.5 wm) in the access direction. 


Magnetic Circuits And 
Structures 


The basic magnetic circuit for an 
s-s actuator. (Fig 2) consists of two 
circuit sections with opposite flux 
directions. These two magnetic cir- 
cuit sections form the working gap 
for one S-S actuator. 

Fig 3 shows section A-A of Fig 2 
in detail, with two s-s actuator arma- 
tures utilizing three magnetic circuit 
sections. The length of the magnetic 
circuit sections required is deter- 
mined by the maximum stroke or 
travel of the F-s actuator, the width 
of the armature winding, and the 
amount of movement of the s-s ac- 
tuator. 

A shielded magnetic circuit sec- 
tion is shown in Fig 4. The second- 
ary gap formed by the shielding is 
at essentially the same potential, and 
flux flow in this gap is negligible. 
Bandwidth limitations of the s-s ac- 
tuator can be improved by customary 
techniques, such as shorted turns 
and specific magnetic circuit mate- 
rial. The torque (T) developed by a 
device using this magnetic circuit is 
approximated by 


T =O.1 N Leese In r (Be: + Bez) dyne-cm 


where 
N = number of windings 
Bg = working gap flux densities (gauss) 


Lert = length of each winding within each 
working gap flux (cm) 


I, = applied current (amperes) 


Working gap flux (2) 


Secondary gap: 


Shielding 


Decreased cross section 


my 
for higher reluctance Permanent 


magnet 


By = 4 Gauss 


0.030 
f(0.076) U 


4 Gauss 
1 Gauss 


to 5 Ga 
0.25 (0.64) 


DIMENSIONS ARE IN INCHES (CM) 


Fig 4 Shielded magnetic 
circuit section. Stray 
field shielding, which is 
important in magnetic 
recording, is provided by 
high-reluctance reduced- 
cross-section flux path, 
which also forms sec- 
ondary gap 


Soft iron 
return path 


x meepe 8) = 2.1 Gauss 


juss 
al *-0.030 (0.076) 


Fig 5 Leakage measurements. Typical dimensions for mag- 


netic circuit section yield 


low stray flux densities (Br). 


Therefore, second-stage actuator can be located close to 
magnetic media without erasure complications 


fe = distance from center of rotation to 
center line of working gap (cm) 


If the working gap density (Bg,) in 
a single magnetic circuit section 
equals the working gap flux density 


(Bgz) in an adjacent circuit section, 


T =0.2 N Less In Bg r dyne-cm 


*J. L. Olson, “The evaluation of flexural 
pivots to meet critical performance and 
life requirements,” ASME 70-DE-76, 1976 
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1S near. 


See page 81 
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Where our Power-Off pays off 


The job is essential to successful computer operation . . . 
protect the read-write head in the computer disc drive in the 
event of power failure. 

A Simplatrol electrically released spring applied power-off brake 
does this job to perfection. 


It provides stopping or holding torque with power-off and is com- 
pletely disengaged when energized. This is one illustration of 

why Simplatrol Electric Clutches and Brakes are in- 

dustry leaders in design and application. It is also an DANA 


le of wh ki ith 
the finial etaela i mioriation. pe INDUSTRIAL 
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DANA 


Dana Industrial, Simplatrol Products, 
Gore Road, P.O. Box 870, Webster, Massachusetts 01570. 


Ask for our design application 
literature. 


The best names in computer disc drive 
trust this Simplatrol®Power-Off brake to do 
the job... and it does. 
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Several variations on the basic 
magnetic structure are possible. Mag- 
netic structures that include pole 
pieces to focus the flux in the work- 
ing gap will reduce the effective wind- 
ing required by an amount propor- 
tional to the increase in flux density 
and will still develop the same torque. 
The magnetic circuit can also use 
an electromagnetic field coil to fur- 
nish magnetic flux in the working 
gap. 

Various permanent magnets, such 
as Alnico alloys, rare earth, platinum, 
and cobalt can be used to supply 
working gap flux. In general, the 
specific application with its space 
and bandwidth requirements will dic- 
tate which material is best suited. 
Permanent magnets with high in- 
trinsic coercivity values will result 
in a flat magnetic structure, while 
the use of Alnico alloys, for exam- 
ple, would result in a higher struc- 
ture because of the greater magnet 
length required. 

The use of an s-s actuator close to 
magnetic media, such as magnetic 
discs and tape drivers, would not 
cause erasure problems. Fig 5 shows 
a magnetic circuit section with mea- 
sured stray field magnitudes. As 
shown, the maximum stray flux is 
only about 2 gauss above the maxi- 
mum ambient value of 3 gauss. 


Summary 


The 2-stage disc file actuator design 
concept has several outstanding ca- 
pabilities: (a) the Flexural pivot 
has no stiction phenomenon to cause 
servo instabilities; (b) servo band- 
width is improved, thereby permitting 
the second-stage actuator to track- 
follow higher frequency runouts; (c) 
the first-stage actuator moving mass 
is not significantly increased over 
existing voice coil motor designs 
since the second-stage magnet struc- 
ture is stationary; and (d) the 
linear motion of the coarse (first- 
stage) actuator will not excite rota- 
tional natural frequencies of the fine 
(second-stage) actuator, since the 
center of actuator mass is at the pivot 
point. 

These capabilities combine to pro- 
duce an actuator which, in concert 
with the dual-layer disc servo con- 
cept, could result in a high track 
density disc file. oO 
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5V and 9-15V 

(Isolated Outputs) 
HAAS 12 5V @ 2.0A* 9-15V @0.5A 
HBB512 5V @3.0A* 9-15V @ 1.254 
HCC512 5V @ 6.0A* 9-15V @ 2.5A 


TR aehicReGoLNTORG - os HELTON TRlles UaSmbur © Ove on eoeS 


[move | ovrurwi | ourpur#2 | _ourpur#a____[Pmicera] [move | ovrpurwi | ourpurez | _—ourmur'#a___—_[Palce ral 


5V @3.0A | 12V @1.0A or 15V @0.8A | -12V @1.0A or —15V @0.8A| $ 69.95 HTAA-16W 5V @ 2.0A* 915V@04A | (-)9-15V @0.4A or -SV @0.2A 


. ; 12V@1.0A | -12V@1.0A or -15V @0.BAor [5 69.85 
cBB-75wW | 5V@6.0A | 12V@1,7A or 15V @1.5A| -12V @1.7A or -15V @1.5A $1.95 HEAASOW BMIG'SIOR or 15V @ 0.8A -5V @0.4A + 80:00 
HoRe-TRW SV @ 60a" TAV@t7A | ~12V@1.7Aor -15V@1.6A0r | ¢ oy gg 
DBB-105W | 5V @ 120A | 12V @1.7A or 15V @1.5A | -12V @1.7A or -15V @1.5A| $126.95 or 15V @ 1.5 -5V @0.7A 
Chast sv @ 00a" 12V@1.7A | -12V@1.7Aor -15V @1.5Aor 
DISK RIES or 15V@ 1.5A ~5V @0.7A 
SINGLEDURL BENE HOSES ER 0” MEDIA DRIVES HDBB-105W 5V @ 12A* ibe uae —12V @ 1.7A or any @1.5A or $126.95 
OUTPUT aaa AD RC suc AGS 


12V @3.4A ; - 
HDCC-150W 5V @ 12A or 15V @ 3.0A 12V @3.4A or -15V@3.0A_| $149.00 
+24V and =5V 


CP-205 1.5A/1.7A Get Your FREE Copy Now! 


CP-206 K 3.0A/3.4A * * . 
CP-162 y A Phone us direct or circle the reader service 


number below. 


POUTET.) |/// 


D.C. POWER SUPPLIES 
Power One Drive » Camarillo, CA 93010 » (805) 484-2806 » TWX 910-336-1297 


CIRCLE 65 ON INQUIRY CARD 


F5-25/OVP* $149.00 
G5-35/OVP* 185.00 


DURASING REGULATORS > = Don RECUCATION 


12V @1.0A —12V @ 1.0A 
or or 
15V @0.8A —15V @ 0.8A 


BB15-1.5 12V @1.7A -12V @1.7A 
or or 
15V @1.5A ~15V @ 1.5A 


CC15-3.0 12V @3.4A -12V @3.4A 
or or 
15V @3.0A ~15V @3.0A 


DISK-DRIVE 
MODEL 


APPLICATION NOTE 


Software Error Checking Procedures 
For Data Communication Protocols 


Digital data integrity of two IBM communications protocols is assured 
by software generation of cyclic redundancy check bits in a micro- 
processor based communications controller 


J. Wong, W. Kolofa, and J. Krause 


Motorola Display Systems, West Chicago, Illinois 


Cy oaic redundancy check bits are 
employed for error detection in 
nearly all synchronous data commu- 
nications. The bits are often gen- 
erated through hardware in host com- 
puters, and their calculations are 
often protocol-dependent. With a soft- 
ware approach, a general purpose 
hardware interface can handle all 
synchronous mode data communica- 
tions; modifications will accommo- 
date protocol-dependent character- 
istics dictated by host computers. 
Mathematical techniques and hard- 
ware circuits show how microproces- 
sor software emulates hardware cal- 
culations. This software method for 
generating and calculating cyclic re- 
dundancy check (crc) bits was de- 
veloped for a M6800 based controller 
that is part of a multidrop network. 
Remote stations in the network com- 
municate with the mainframe accord- 
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ing to IBM’s binary synchronous 
communications (BSC)  protocol.! 
This method also can be applied to 
crc calculations for synchronous 
data link control (spLc) protocol.? 


Hardware Method 


An n-bit data block to be transmitted 
is treated as a binary polynomial of 
the following form: 


M(X) = ba + baaX + boeX? +... 
+ biX®* + boX" (1) 


where b, represents the nth bit posi- 
tion in the outgoing data block, bo 
being the least significant bit (LsB). 
Prior to transmission, data polyno- 
mial M(X) is divided by constant 
generator polynomial G(X) of de- 
gree k, resulting in quotient poly- 
nomial Q(X) and remainder poly- 
nomial R(X) : 


X*M (X) 
G(X) 


- R(X) 
= Q(X) + G(X) (2) 


Remainder polynomial R(X), known 
as the crc bits, is appended to the 
data block for transmission to or 
from the remote station. Upon arrival 
of the data block and associated crc 
bits, the receiver regenerates the CRC 
bits and compares them with those 
received. If the comparison is not 
equal, the received data block is as- 
sumed to be in error, and retrans- 
mission is requested. Note that the 
crc bits do not provide enough infor- 
mation for forward error correction 
at the receiver, so that retransmission 
is always required. 

Hardware crc bit generation uses 
special purpose integrated circuits 
(1cs), such as the Mc8503 16-bit uni- 
versal polynomial generator. This bi- 
polar LsI circuit is capable of generat- 
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ing crc bits based on one of the 
following generator polynomials: 


x + X™ + X? + 1—asc protocol 
Ke op M8 te XM th 
x’ + X* + X° + 1—spLC¢ protocol 
Ke oh KY XO 


A divider circuit (Fig 1)—consist- 
ing of a k-stage shift register with 
feedback connections and Exclusive- 
OR gates—generates a k-bit CRC cor- 
responding to the polynomial 


G(X) =1+G.X+ GX? +... 
+ GxsX** + X* (3) 


Main advantage of the hardware 
approach to crc calculations is that 
it does not require processor time. 
Unburdened of these calculations, 
the microprocessor is free to handle 
higher data rates or more synchro- 
nous ports. This approach also pro- 
vides a small saving in memory, ap- 
proximately 50 bytes. Major limita- 
tion of the hardware approach is that 
it is not flexible enough to satisfy all 
the rules imposed on crc calculations 
by different host computers. Further- 
more, it requires separate ICs to per- 
form the crc calculations for each 
synchronous port. Therefore, the in- 
crease in hardware cost is propor- 
tional to the number of synchronous 
ports required by the system. 


Software Method 


Main advantage of the software ap- 
proach to crc bit generation is flex- 
ibility; programs can be easily modi- 
fied to satisfy different protocols. 
Unlike the hardware approach, only 
one CRC software routine is required 
for all synchronous ports. However, 
processor time must be allocated to 
handle the maximum data rate for 
crc calculations performed by soft- 
ware. 

For 8-bit Extended Binary Coded 
Decimal Interchange Code (EBcDIC) 
transmission using BSC protocol, CRC 
bits are generated by the polynomial 
G(X) = X*°+ X¥+ X7+1 (4) 
referred to as crc-16. 

The divider circuit for Eq (4) is 
shown in Fig 2. Assume that the data 
block consists of two hexadecimal 


bytes: FO (first byte) and 26 (sec- 
ond byte). 


2 6 F 0 
0010 0110 1111 0000 
L—MSB (X°) |_LSB (X"*) 


The data polynomial, constructed 
using Eq (1), is 


SERIAL DATA 
\N LSB FIRST 


Ri T 
MSB FIRST 


Fig 1 Divider circuit for CRC accumulation based on generator polynomial 
of Eq (3). Exclusive-OR is performed between incoming data bit and 
Rxu of CRC accumulator. Result T is shifted into Ro position, causing 
every R+ to be replaced by Ri, where i is any number between 1 and 
k-1. If G; is nonzero, Exclusive-OR between T and R;- is performed before 


CRC accumulator is shifted 


SERIAL DATA 
IN, LSB FIRST 


CRC OUT 
MSB FIRST 


Fig 2. Divider circuit for generating CRC-16 [Eq (4)] for BSC 
protocol. Exclusive-OR is performed between incoming data 
bit and Ris of CRC accumulator. Result T is shifted into Ro 
position. Exclusive-ORs between T and Ri and between T and 
Ru are also performed before CRC accumulator is shifted 


ce ea ges 


s 11011010 11000101 00100110 11110000 
MSB MSB LSB 


LAST BYTE RECEIVED 


FIRST BYTE RECEIVED 


Fig 3 Data and CRC bit transmission/reception. Diagram de- 
picts how message bytes 26F0.. and associated CRC bytes 
DAC5.. are transmitted and received. Note that calculated CRC 
bits at transmitter are (MSB) 1010 0011 0101 1011 (LSB), with 


MSB transmitted first 


M(X) = X?-+ X*+ X°+ X® 
+X +X" + XH (5) 


To calculate crc-16, the data poly- 
nomial is multiplied by X!°, arranged 
in descending exponential order, and 
then divided by generator polynomial 
G(X): 


XM (X): _ KF +S Et + XE 
GH) FXO a tI 
= (XP + Xt X8+ X74 X41) + 
X¥+XP+ XH X+X+ K++ XH 
+ + XH 1 


(6) 


The remainder polynomial (X1®° + 
X13 + X9 + X8 + X68 + X4 + X38 
+X + 1) yields the crc bits (Mss) 
1010 0011 0101 1011 (xsB). After 
the crc bits are generated, the trans- 
mitter appends it to the data block 
(Fig 3). However, note that the most 
significant bit (MSB) of the CRC is 
transmitted first. If there are no 
transmission errors, the received CRC 
bits are equal to those generated at 
the receiver. With the mMsB of the 
received CRC arriving first, Fig 2 re- 
veals that the generated crc bits at 
the receiver will be all zeros, provided 
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that the arriving crc bits are in- 
cluded as data in the overall crc ac- 
cumulation. 

To generate crc-16, software is 
written for the M6800 microproces- 
sor in accordance with the divider 
circuit of Fig 2. Synchronous com- 
munication is handled by the xc6852 
serial synchronous data adapter, 
which is a programmable n-channel 
metal-oxide semiconductor Ic. This 
Ic is programmed to accept 8-bit 
EBCDIC with the LSB arriving first. 
Synchronization is achieved by de- 
tecting two consecutive sYNC code 
characters; these characters—em- 
bedded in a received message but 
not part of the arriving cRCs—are 
not included in cre accumulation. To 
ensure proper CRC bit generation, the 
following rules must be observed. 


(1) Initial value of crc must be 
set to zero. 


(2) crc accumulation begins after 
detecting initial start of header 
(SOH) or start of text (sTx) char- 
acter. However, these control charac- 
ters should only serve as triggers and 
should not be included in cre accu- 
mulation. 


(3) crc accumulation is completed 
upon arrival of an intermediate trans- 
mission block (1TB), end of trans- 
mission block (ETB), or end of text 
(ETx) character. These control char- 
acters not only serve as ending sig- 
nals but also are included in cre ac- 
cumulation. 

(4) If two incoming crc bytes fol- 
lowing the ITB, ETB, or ETX charac- 
ters are included in crc accumula- 
tion, the final crc should be zero. If 
not, a transmission error has oc- 
curred. 


(5) Data bits are shifted serially, 
LSB first, into the crc accumulator. 
(6) Final crc bits are shifted, MsB 
first, out of the crc accumulator. 


The crc-16 accumulation subrou- 
tine is flowcharted in Fig 4 and listed 
in Subroutine 1. This subroutine is 
called, with the incoming character 
stored in register B of the M6800, 
each time a CRC accumulation is de- 
sired. RAM locations CRCHI and CRCLO 
correspond to the 16-bit shift regis- 
ter of Fig 2 with locations crcur (7) 
and cRcLo (0) corresponding to bit 
R,; and bit Ro, respectively. Assum- 
ing a 1-MHz system clock, this sub- 
routine requires 512 us to execute, 
and processes baud rates up to 9600. 
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Wat Se a en enh 


SUBROUTINE 1 
CRC Subroutine for BSC Protocol 


ee ee eh * ee 


CRC16 
LOOP 


LDX #$0008 
CLR A 

LSR B 

ROR A 

EOR A CRCHI 
STA A CRCHI 
AND A #$80 
BEQ ROTAC 


LDA A #$40 
EOR A CRCHI 
STA A CRCHI 
LDA A #$02 
EOR A CRCLO 
ASL A 


ROTAC 


ROL CRCHI 
BCC STORA 
ORA A #$01 
STA A CRCLO 
DEX 

BNE LOOP 
RTS 


STORA 


The major advantage of this cRC 
software approach is that it can be 
easily extended to handle the spLc 
protocol. The generator polynomial 
for SDLC is given by 


G(X) = X*+X¥+X¥+1 (7) 


The divider circuit corresponding 
to this generator polynomial is shown 
in Fig 5. Notice the similarity be- 
tween the sDLC circuit of Fig 5 and 
the Bsc circuit of Fig 2. A software 
subprogram for generating cRC-16 
for spLc is listed in Subroutine 2. 
The difference between the spLc and 
BSC routines is in the bit positions 
where Exclusive-or functions are per- 
formed. Although there are only 
minor differences in the two CRC ac- 
cumulation routines, the method by 
which the two protocols handle the 
initial and final values of the crc bits 
differs greatly, as follows: 


BSC Protocol 


(a) Initial hexadecimal value of 
crc is 0000. 


(b) Final crc is transmitted MSB 
first. 


(c) At receiving station, final hexa- 


M6800 SUBROUTINE FOR BSC CRC-16 ACCUMULATION 
GENERATOR POLYNOMIAL: X**16+X**15+X**2+1 

B REGISTER CONTAINS RECEIVED CHARACTER 

X REGISTER CONTAINS LOOP COUNTS 

CRCHI: HIGH ORDER BYTE OF CRC-16 

CRCLO: LOW ORDER BYTE OF CRC-16 

INITIAL VALUES OF CRCHI AND CRCLO MUST BE ZERO 


LOAD LOOP COUNTS 
CLEAR A REGISTER 

SHIFT B(0) INTO CARRY BIT 
SHIFT CARRY BIT INTO A(7) 
EXCLUSIVE-OR AT CRC(15) 


KEEP RESULT IN A(7) 

RESULT IS ZERO, ROTATE CRC 
ACCUMULATOR 

BSC MASK 

EXCLUSIVE-OR AT CRC(14) 

SAVE RESULT FROM EXCLUSIVE-OR 
BSC MASK 

EXCLUSIVE-OR AT CRC(1) 
CIRCULAR ROTATION OF CRC 
ACCUMULATOR 


PROCESS NEXT DATA BIT 


CRCHI (7) = CRCHII7) @ B(8-J) 


CRCHI(6) = CRCHI(6) & CRCHI (7) 
CRCLO() = CRCLO(1)  CRCHi (7) 


CIRCULAR SHIFT OF CRCHI-CRCLO 
TO LEFT BY | BIT 


Fig 4 CRC-16 accumulation 
subroutine. Flowchart de- 
scribes logic for emulating 
divider circuit of Fig 2. J is 
program loop counter. B 
contains data byte to be ac- 
cumulated into CRC; B(0) is 
LSB. CRCHI and CRCLO 
form 16-bit CRC accumulator 
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Remex vs. the Vy, 


two-headed — 
monster. 


Were all those dual-head promises 
just fairy tales? 

A lot of people are starting to 
think so. os 

They waited. And they waited * sl 
And what they finally got for their Sacks | 
was trouble — a two-headed monster 
that ate diskettes. 

Until the Remex RFD 4000 rode in on e 
white horse, that is. 


Is it taps for dual-head technology? 

Tap, tap, tap went the heads against 
the diskettes. 

In no time at all tap tests showed that dual- 
head drives not only offered twice the bytes, 
they took twice the bites out of the media. 

Diskettes just wore out too fast, 
causing errors. 

“Off with their heads,” shouted customers. 


Rejoice. Two heads really are better 
than one. 

Remex RFD 4000 to the rescue. 

Its improved dual head and carriage 
assembly treat diskettes gentle as a lamb. 
The ceramic bottom head is fixed in a special 
lightweight carriage while the top head is 
mounted via a movable 
load arm. 


Pa 


ee bs i 
J S f 


result of this 2 
new design,/~ \ 
along with “we 
improved electronics, is 
extended media life and 
excellent data integrity. And you 
get up to 4 times the storage capacity 
over standard drives. 

The 4000 also features new band drive 
positioning for improved data track and reliability. 
Improved access time of 3 ms track-to-track 
means an average seek of only 91 ms 
including settle. 


Shugart/IBM-compatible 

What's more, it's physically and electrically 
compatible with systems designed to use other 
popular dual-head drives. And it's backed by one 
of the strongest companies in the realm. 

Ex-Cell-O Corporation, Remex Division, 
1733 E. Alton St, P.O. Box C19533, Irvine, CA 
92713. Phone: 714/557-6860. 
TWX: 910/595-1715. 

Call us if you're in distress. 


Ex-Cell-O Corporation i. 
REMEX DIVISION oot 
Paper isn't the only thing we look good on. . ett . 
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CRC16 
LOOP 


ROTAG 


STORA 


SERIAL DATA 
IN, LSB FIRST 


©) 


SERIAL CRC OUT, 
MSB FIRST 


Fig 5 Divider circuit for accumulating CRC-16 [Eq (7)] for SDLC protocol. 
Exclusive-OR is performed between incoming data bit and Ris of CRC 
accumulator. Result T is shifted into Ro position. Exclusive-ORs between T 
and R, and between T and Ru are also performed before CRC accumulator 


is shifted. Note that for SDLC, complement of final CRC is transmitted 


SUBROUTINE 2 


CRC Subroutine for SDLC Protocol 


LDX #$0008 
CLR A 

LSR B 

ROR A 

EOR A CRCHI 
STA A CRCHI 
AND A #$80 
BEQ ROTAC 


LDA A #$40 
EOR A CRCHI 
STA A CRCHI 
LDA A #$10 


M6800 SUBROUTINE FOR SDLC CRC-16 ACCUMULATION 
GENERATOR POLYNOMIAL: X**16+X**12+X**5+1 

B REGISTER CONTAINS RECEIVED CHARACTER 

X REGISTER CONTAINS LOOP COUNTS 

CRCHI: HIGH ORDER BYTE OF CRC-16 

CRCLO: LOW ORDER BYTE OF CRC-16 

INITIAL VALUES OF CRCHI AND CRCLO MUST BE FF 


LOAD LOOP COUNTS 
CLEAR A REGISTER 

SHIFT B(0) INTO CARRY BIT 
SHIFT CARRY BIT INTO A(7) 
EXCLUSIVE-OR AT CRC(15) 


KEEP RESULT IN A(7) 

RESULT IS ZERO, ROTATE CRC 
ACCUMULATOR 

SDLC MASK 

EXCLUSIVE-OR AT CRC(11) 

SAVE RESULT FROM EXCLUSIVE-OR 
SDLC MASK 


EOR A CRCLO EXCLUSIVE-OR AT CRC(4) 


ASL A 


ROL CRCHI 
BCC STORA 
ORA A #$01 
STA A CRCLO 
DEX 

BNE LOOP 
RTS 


CIRCULAR ROTATION OF CRC 
ACCUMULATOR 


PROCESS NEXT DATA BIT 


decimal value of crc is 0000 if two 
incoming CRC bytes are included in 
CRC accumulation. 


SDLC Protocol 
(a) Initial hexadecimal value of 
CRC is FFFF. 


(b) Complement of final crc is 
transmitted MsB first. 


(c) At receiving station, final hexa- 
decimal value of crc is FOB8 if two 
incoming CRC bytes are included in 
CRC accumulation. 


Summary 


Software error checking procedures 
are defined for interfacing an M6800 
based communications controller to 
an IBM mainframe computer, using 
BSC protocol. Background on mathe- 
matical techniques and hardware cir- 
cuits for CRC calculations is provided. 
Software CRC generation and calcu- 
lation allow a general purpose hard- 
ware interface to handle all synchro- 
nous data communications. Devia- 
tions in CRC calculations imposed by 
other mainframe computers are easily 
accommodated by software changes. 
Once software CRC generation for BSC 
protocol is established, modifying it 
for SDLC protocol is a simple exercise. 
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How do you see 
fiber optics? 


Fiber optics is getting so much 
publicity from its use in telephone 
communications that you may see that 
as its only important application. 

It’s not. 


Optical communication cables are 
being used in computers, process 
instruments and control applications. 
They weigh less and take less space. 
They eliminate electrical and electronic 
- interference as well as ground loops. 
They can be more economical. And 
every day, they’re making the old stand- 

ard interconnect systems obsolete, 
"one by one. eee OGE Ap 


‘So when you spend time and 
money on an interconnect system, 
you should consider fiber optics. And 
that’s where we can help you. 

We can help you make the right 
choices for your system. Choices in line 
attenuation, mechanical strength, 
environmental isolation, light coupling 
efficiency. Choices in every element 
you need. 

Ours is the broadest line of optical 
communication cables in the industry. 
We've been working with fiber optics 
for 20 years. And engineers have 
already put more than 2,000,000;000 
feet of our fiber optic products in use. 
Since we make our cables from raw 
materials to finished product, we can 
fill your needs exactly. And at the 
least expense. 


Galileo Park, Sturbridge, Massachusetts 01518 
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As a matter of fact, we can fill your 
needs more quickly, because all of our 
standard cables, including Galileo’s 
highly versatile Galite® 3000, are in 
stock. We even stock complete lines of 
connectors and electronic components 


pI rae ED 
(Rads) eis 


You can write to Galileo for a detailed 
information package that will give yo 
good idea of what fiber optics can d 
for you today, Or you can call Galileo 
application engineers at (617) 347-9191 
for specific personal help on how... .and 
where fiber optics could fit into what 
you're doingtoday. 

You will find we offer: 
* S offer. 


optics. We also 
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Now...two OEM tape drives with 
GCR performance and CDC quality. 


Radial 
interface 


100, 150 and Built-in 
200 ips ~—— diagnostic 
: ae capability 


cleaner 


7- and 9-track ! 
formats 0.3 IRG 
(read/write) 
NRZI/PE/ 


GCR formats | Auto gain. 


control 


Clip levels 


Once, the advantages of GCR recording were 
available only with large mainframes. 


But now, minicomputer manufacturers have a 
choice of two transports from Control Data. 
Both provide GCR’s exceptional data integrity 
and transfer rates consistent with today’s 

high density disk systems. 


Our new ATS-III and its companion formatter 
answer the need for cost-effective 75 ips 
GCR/PE applications. And our already well- 
established ATS-I is perfect for higher speed 
(up to 200 ips) requirements. 


Space is at a premium in a minisystem, so we 
made the ATS-III and its formatter very 
compact. Both mount ina standard rack, and the 
formatter is little more than five inches high. 


A -processor for reliability and maintainability 


We know how important these are to the OEM 
market. So besides mechanical ease of 
maintenance, we incorporated a microprocessor 
in our design. It insures gentle tape handling 
and provides extensive microdiagnostics. That 
means trouble-free operation for you and 

your customers. 


9-track 
capability 


PE/GCR 
formats 


19-inch rack 
mounting 


Micropro- 
cessor tape 
controls 


Put quality behind your nameplate. For more 
information on which is the better choice 

for you, call us at 612/853-5020. In Europe, 
contact one of our European representatives. Or 
return coupon to: 


Robert C. Urban, Product Sales Manager CD-29 
Control Data Corporation, P.O. Box 0 
Minneapolis, MN 55440 


Tell me more about GCR performance. 


Name Title 
Firm Address 
City State Zip 


'S CONTROL DATA 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
Phone 
| 
| 
| 
| CORPORATION 
| 
| 


More than a computer company 
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The Plain Paper Plotter... 


that is Versatec* plug compatible. 


The Trilog T-1100A printer/plotter, featuring 
Versatec software and plug compatibility, is cap- 
able of some pretty fancy graphics. 

On plain paper. 

At very plain prices — about '2¢ per standard 
fanfold sheet. 

Compare that with 2¢ or more for the special 
sensitized paper needed by electrostatic printer/ 
plotters. 

What's more, The Plain Paper Plotter" makes 
up to six copies, and accommodates forms from 
4 to 16 inches wide. 

And you never have to bother with chemicals 


of any kind. The T-1100A produces high-quality 
impact printing at a density of 100 dots per inch. 

Utilizing raster matrix technology, it plots at 
15 inches per minute and prints a full 96-character 
set at the rate of 250 lines per minute. 

Extra features include self test, underlining, 
double high characters and 6/8 lines per inch. 

So if you'd like a lot of fancy plotting and 
printing capability, without fancy paper, just give 
us a call. 

TRILOG INCORPORATED 
16750 Hale Ave., Irvine, CA 92714 
(714) 549-4079 


TRILOG 


The Plain Paper Plotter® 


*Trademark of Versatec A Xerox Company 
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MICRO DATA STACK 


COMPUTERS, ELEMENTS, AND SYSTEMS 


INTERFACING FUNDAMENTALS: 


LOOKUP TABLES 


Jonathan A. Titus and Christopher A. Titus 
Tychon, Inc 


Peter R. Rony and David G. Larsen 
Virginia Polytechnic Institute and State University 


I. many applications, the microcomputer is used to 
convert data values from one data domain* to another. 
This might involve converting strings of ascit characters 
to binary numbers, converting degrees centigrade to de- 
grees fahrenheit, or converting a 4-bit binary number to a 
code suitable for use with a multiplexed light emitting 


diode display (a 7-segment code). In some of these con- 
version problems, it is very easy to apply a mathematical 
function to a value in one data domain, the result being a 
datum value in another data domain. For instance, to 
convert strings of ascit characters to binary numbers, the 
microcomputer simply has to perform a masking oper- 
ation,’ followed by rotation and addition. To convert °C 
to °F, the microcomputer has to perform a multiplication 
followed by addition (°F = % °C + 32 or °F = 18 
°C + 32). However, the relationship between a 4-bit 
binary number and a 7-segment code for use with a multi- 
plexed light emitting diode display is very complex, as 
can be seen from the Table. 

To convert binary 7-segment codes in the Table to 
octal or hexadecimal (hex), it is assumed that bit D6 
represents the G segment and that bit DO, the A segment. 
The most significant bit of the 8-bit word, D7, is assumed 
to be 0. It also is supposed that within the 7-segment 
code, a logic 1 will turn the display’s segment on and a 
logic 0 will turn the segment off. The lettered designation 
of the segments within the 7-segment display is shown 
in the Figure. Rather than try to determine a numerical 
relationship between the binary numbers and the 7-seg- 
ment codes, a lookup table will be used to convert the 
numbers (one data domain) to codes (another data 
domain). 

The lookup table will contain the sequence of ones and 
zeroes that are required to turn specific segments within 
the display on and off. For instance, to display a 1, seg- 
ments B and C must be turned on and all the remaining 


*Data domain is simply a “domain” where the units are all 
the same, ie, all temperatures in °C, all pressures in lb/in’, all 
velocities in km/min. 


SUBROUTINE 1 
Binary to 7-Segment Conversion 


/This subroutine must be called with a 4-bit number in register 
7A. The 8080 will return with 7-segment code in register A. 


“034 156 
034 156 345 CONVRT, PUSHH 
034 157 041 LXIH 
034 160 173 BINSS 
034 161 034 0 
034 162 205 ADDL 
034 163 157 MOVLA 
034 164 322 JNC 
034 165 170 OKASIS 
034 166 034 0 
034 167 044 INRH 
034 170 176 OKASIS, MOVAM 
034 #4171 341 POPH 
034 #172 311 RET 
034 173 077 BINSS, 077 
034 174 006 006 
034 #175 133 133 
034 176 117 117 
034 177 146 146 
034 200 155 155 
034 201 174 174 
034 202 007 007 
034 203 177 177 
034 204 147 147 
034 205 000 000 
034 206 000 000 
034 207 000 000 
034 210 000 000 
034 211 000 000 
034 212 000 000 


segments turned off. To display a 2, segments A, B, D, E, 
and G must be turned on and segments C and F turned 
off. To find the appropriate 7-segment code for a binary 
number, the binary value of the digit to be displayed is 
added to the base address or starting address of the 
lookup table. The result of this addition is the memory 
address at which the appropriate 7-segment code for the 
binary number is stored. Subroutine 1 contains a binary 
to 7-segment lookup table (Binss) having a base address 
of 034 173, (1C7B,¢). A subroutine, which the 8080 


Letters designate individual seg- 
ments of 7-segment LED display 


/Save register pair H on stack 
/Load register pair H with 
/base address of binary to 
/T-segment lookup table 

/Add low 8 bits of address to A 
/Save result in L 

/\f there is no carry, do not 
/increment H register 

/by one 

/There is a carry, increment H 
/Get 7-segment code into A 
/Pop register pair H off of stack 
/Return with code in register A 


/7-segment code for 0 
/7-segment code for 1 
/7-segment code for 2 
/7-segment code for 3 
/7-segment code for 4 
/7-segment code for 5 
/7-segment code for 6 
/7-segment code for 7 
/7-segment code for 8 
/7-segment code for 9 
/7-segment code for 10 
/7-segment code for 11 
/7-segment code for 12 
/7-segment code for 13 
/7-segment code for 14 
/7-segment code for 15 


microprocessor can call to find the appropriate 7-segment 
code, based on the binary number contained in the A 
register, is also listed in Subroutine 1. 

When Subroutine 1 is called, the 4-bit binary number 
to be converted to a 7-segment code must be contained 
in the 8080's A register. The first instruction in this sub- 
routine saves register pair H (registers H and L) on the 
stack. Register pair H is then loaded with the 16-bit base 
address of the Binss lookup table. The low eight bits of 
this address are then added to the content of the A register 
(app. ) and the 8-bit result is stored back in the L register. 
If the carry is a logic 1 as a result of this addition, a one 
must be added to the eight high bits of the address. 
Therefore, if the carry is a logic 0 as a result of the app. 
instruction, the microprocessor jumps to oxasis. If the 
carry is a logic 1, the content of the H register (the eight 
high address bits) is incremented by one. 

At oxkasis, the microprocessor loads the A register with 
the content of the memory location addressed by register 
pair H. The A register now contains the appropriate 
7-segment code for the 4-bit binary number originally 
contained in the A register. The microprocessor then pops 
register pair H off of the stack and returns from the 
CONVRT subroutine. As is evident, the 4-bit binary number 
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was added to the base address of the lookup table. The 
result was used to address a memory location where the 
proper 7-segment code was stored. 

What will happen if the lookup table entries (the 7- 
segment codes) are not placed in the lookup table in 
the proper order? If this occurs the 8080 microprocessor 
will not be able to determine the proper code for the 
number contained in the A register. 


A lookup table can also be used to convert ascu char- 
acters to Extended Binary Coded Decimal Interchange 
Code (EBcpiIc), or to determine the sine or cosine of an 
angle or the logarithm of a number. If a lookup table is 
used to determine the sine of an angle, it might contain 
90, 180, or 360 entries, depending on the sophistication 
of the subroutine that accesses the lookup table, the 
speed at which the conversion must take place, the 
amount of memory that can be used by the lookup table, 
and the desired accuracy of the result. 

If the sine lookup table contains 90 entries, each entry 
could represent the sine of an angle between 0 and 90° 
or of an angle between 0 and 360°, with a difference of 
4° between each entry in the table. Using a table that 
contains 90 entries, representing the sine of angles be- 
tween 0 and 90°, the sine of any angle can be determined. 
However, this means that all angles must eventually be 
“reduced,” by software, to angles between 0 and 90°. 
The sign of the sine would also have to be determined. 
By increasing the size of the table to 180 or 360 entries, 
in which each entry represents an angle change of 1°, 
fewer operations have to be performed on the angle before 
the sine can be found in the table. In fact, if the table 
contains 360 entries, the sign of the sine does not have 
to be determined with additional software steps, because 
one bit within each entry could be used as a sign bit. 
This means that an 8-bit table entry would contain a 
sign bit and a 7-bit sine. 

In the “Microcomputer Interfacing: Command De- 
coders” column,? a thumbwheel switch was used to enter 
a number that represented a particular diagnostic pro- 
gram, 1 of 10 such programs, to be executed by the 
microcomputer. Since the diagnostic programs might be 
stored anywhere in memory, a 16-bit address specified 
the starting address of each diagnostic program. These 
addresses were stored in a lookup table using consecutive 
memory locations. For this reason, when the thumbwheel 
switch number was entered into the microcomputer, it 
was multiplied by two. The result of this multiplication 
was an even number between 0 and 18, ). The number 
then was added to the base address of the lookup table. 
Two 8-bit bytes, stored in consecutive memory locations, 
were then loaded into the D and E registers (register 
pair D). This 16-bit address was then moved to register 
pair H and written into the program counter. 

Although the relationships between degrees centigrade 
and degrees Fahrenheit are well known, °C = % (°F — 
32) and °F = % °C + 32, the time required for the 
microcomputer to convert one temperature to another 
using mathematical subroutines may be too long in some 
applications. If this is true, a lookup table might speed 
up the conversion process. Assuming that all temperatures 
will be within the range of 0 to 100 °C and that all 
temperatures are resolved to 1 °C differences, a lookup 
table with 100 entries can be used. The first entry in the 
table for 0 °C will be 00100000, (32,5), and the entry 
for 100 °C will be 11010100, (212,)). As expected, to 
determine the temperature in °F, the temperature in °C 
will be added to the base address of the lookup table. The 
resulting address is then used to address the memory 
location where the temperature in °F is stored (Sub- 
routine 2). 
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CTOF, 


COK, 


CFTAB, 


FTOC, 


FOK, 


FCTAB, 


SUBROUTINE 2 


Conversion From Degrees Centigrade 
to Degrees Fahrenheit 


PUSHH 
LXIH 
CFTAB 
0 

ADDL 
MOVLA 
JNC 
COK 

0 

INRH 
MOVAM 
POPH 
RET 


040 
042 
045 . 


/Save register pair H on stack 
/Load register pair H with 
/base address of centigrade 

/to Fahrenheit lookup table 
/Add low address to degrees C 
/Save result in register L 

/\f there is no carry, do not 
/increment register H 

/by one 

/There is a carry, increment H 
/Get temperature in degrees F 
/Pop register pair H off of stack 
/Return with temperature in A 


/0 C = 32 F 
/1C = 34F 
(26 3t F 


/Remainder of lookup table 
/is stored here (100 entries total) 


/99:°C = 210 F 
/100 C = 212 F 


SUBROUTINE 3 


Conversion From Degrees Fahrenheit 
to Degrees Centigrade 


PUSHH 
LXIH 
FCTAB 
0 

SUI 
040 
ADDL 
MOVLA 
JNC 
FOK 

0 

INRH 
MOVAM 
POPH 
RET 
000 

001 


/Save register pair H on stack 
/Load register pair H with 
/base address of Fahrenheit 
/to centigrade lookup table 
/Subtract 32 (decimal, 040 octal) from 
/temperature in register A 
/Add low address to (F — 32) 
/Save result in register L 

/\f there is no carry, do not 
/increment register H 

/by one 

/There is a carry, increment H 
/Get temperature in degrees C 
/Pop register pair H off of stack 
/Return with temperature in A 


/32F =0C 
KES siee—a k O7 
/34F =1C 


/Remainder of lookup table 
/is stored here (180 entries total) 


4211 F = -99-C 
/212 F = 100 C 


THE OTHER FOUR SLOTS 
ARE FOR YOU. 


Behind the panel of the 
54-inch high Ampex 
8MS5 Minicomputer, 
there’s an 800 
nanosecond CPU 
and as much as 
64K words (128K 
bytes) of memory. 
All on a single ) 
board. 
Leaving four 
big slots for your own 
cards. 15 x 15inch 
boards, with whatever 
you need to realize the 
goals of your system. In- 
sert controllers for disk, 
tape, printers or terminals. 
As long as the controller is 
compatible with NOVA’, it’ll be x 
compatible with the Ampex 8MS. 
That’s because Ampex designed 
this minicomputer to take full advantage of the environment that has grown up around 
NOVA computers. But this mini has some extras you never expected to see in a mini. 
Like front access to all components. And a program- 
mer’s console with octal pad input, octal readout and 
LED indicators. 
Plus a single bus 
structure. 


a 
ee 


AMPEX MINICOMPUTERS 
COMBINE CPU AND 64K 
EMORY ON ONE BOARD. 


Charley Penrose has some suggestions about 
achieving big system capability in the little 8MS cabinet. 
Call him at 213/640-0150. Or write to him at Ampex 
Memory Products Division, 200 North Nash Street, 

E] Segundo, California 90245. 


*NOVA is a trademark of Data General Corporation. 


AMPEX MAKES IT EASY. 
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Plug into an 
INSTANT-PERIPHERAL™ 
for highly reliable 
cassette program 
loading and storage. 


EPI’s Speed Tolerant Recording (STR®) technique gives you error 
rates of less than 1 bit in 100 million. That’s reliable! Good enough 
for recording, storing and loading critical programmable controller 
instructions or digital system diagnostic routines. Unlike many 
loaders using low-cost cassettes, these systems offer guaranteed 
unit-to-unit compatibility. That’s backed by experience with more 
than 4000 units in the field. 

Fast, reliable program loading... convenient program and data 
storage... easy interface to your system. Good reasons to rely on 
an INSTANT-PERIPHERAL ® for all your low-cost digital recording 
and programming tasks. Contact Electronic Processors, Inc., 
1265 W. Dartmouth Ave., Englewood, Colorado 80110. 
Phone (303) 761-8540. 


8-bit parallel STR-110 
allows memory dumps or 
program loading up to 125 
characters per second. 
$1328 in single quantity. 


Microprocessor con- 
trolled STR-LINK Il 
provides manual or re- 
mote control of Standard 
RS-232 functions via 
handshake lines or with 
control characters in se- 
rial data stream. Buffer 
option allows 9600 peak 
BAUD rate. Starts at 
$1735 in single quantity. 


Custom designs, 
like this STR-110T 
for the Texas Instru- 
ments 5TI Program- 
mable Control Sys- 
tem, can handle 


matic verification in 
both read and write 
modes, remote con- 
trol and more. Just 
ask us. 


ELECTRONIC PROCESSORS 
INCORPORATED 


The INSTANT-PERIPHERAL® Company 
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To convert from °F to °C, a lookup table with 180 
entries (212 — 32) is required for resolutions to 1 °F. 
However, in this conversion, the temperature in °F is not 
simply added to the base address of the lookup table. 
Remember, the first entry in the table, at the base address 
of the table, contains the temperature in °C for 32 °F, 
Therefore, 32 must be subtracted from all temperatures in 
°F; then the base address can be added to the result 
(Subroutine 3). 

Lookup tables usually are implemented when a con- 
version must be performed as quickly as possible, or when 
there is no simple relationship between the two equivalent 
values in two different data domains. Using a lookup 
table generally avoids time consuming and perhaps com- 
plex-to-write mathematical calculations. Of course, if A = 
2B and the value of B is known, then the lookup table 
probably would not be used to determine the value of A. 
Regardless of whether B is in fixed or floating point 
numerical format, multiplication by two is relatively easy 
and fast. 

To determine the sine of an angle, a lookup table that 
contains 360 1° (8-bit) entries could be used. Each entry 
would contain a sign bit and a 7-bit sine. With this lookup 
table, the microprocessor can determine the sine of any 
angle between 0 and 360°, to 0.78% accuracy, in only 29 
us (assuming a 500-ns cycle time). However, the lookup 
table requires 360 memory locations for storage. For a 
90-entry lookup table that represents all angles between 
0 and 90° in 1° increments, the microprocessor needs 
100.5 us to determine the sine of any angle between 0 
and 360°. For more accurate sines of angles, the lookup 
table could be composed of 16-bit values, where each 
value contains a sign bit and a 15-bit sine. If the sine for 
all angles between 0 and 360° is stored in memory in 1° 
increments, 720 memory locations will be required for 
lookup table storage. The microprocessor also will need 
53 us to find the sine of the angle. For the lookup table 
that contains 90 entries for the angles between 0 and 90° 
in 1° increments, 180 memory locations will be required 
to store the lookup table. To determine the sine of any 
angle between 0 and 360° using this lookup table, the 
microprocessor will require only 109 us. 

Lookup tables do have disadvantages: they require large 
amounts of memory for storage and have limited accuracy. 
However, with a lookup table, a data domain conversion 
is performed very quickly. Lookup tables frequently are 
used when there is no simple mathematical relationship 
between the two equivalent values. By considering the 
accuracy, speed of conversion, memory storage require- 
ments, and possible mathematical relationships, the user 
will be able to determine when and where to use lookup 
tables in programs. 


References 


1. D.G. Larsen, J. A. Titus, and P. R. Rony, “Microcomputer 
Interfacing: The 8080 Logical Instructions,” Computer 
Design, May 1977, pp 136-138 

2. J. A. Titus, C. Titus, P. R. Rony, and D. G. Larsen, 
“Microcomputer Interfacing: Command Decoders,” Com- 
puter Design, June 1978, pp 135-138 


Bibliography 

L. A. Leventhal, “Cut your processor’s computation time,” 
Electronic Design, Aug 16, 1977, pp 82-89 

R. D. Pogge, “Lookup tables provide quick logarithmic calcu- 
lations,” EDN, Aug 5, 1977, pp 87-91 

C. A. Titus, P. R. Rony, D. G. Larsen, and J. A. Titus, 
8080/8085 Software Design, Howard W. Sams & Co, Inc, 


Indianapolis, Ind, 1978 : 
This article is based, with permission, on a column 
appearing in American Laboratory magazine. J 


COMPUTER DESIGN/FEBRUARY 1979 


SIEMENS 


Announcing 


a new industry compatible 
dual head flexible disk drive. 


In a world of look-alike and seem-alike 

floppys...the new Siemens flexible 

disk drives are more than equal in form 
fit...and function. 

Aside from being SA 800 and 

SA 850 compatible, the Siemens FDD's 

have a number of significant and unique 

functional features of user benefit. 

* 15-20% cooler operation at recording 
surface 

¢ True anti-crunch media insertion 

* Double density recording without 
additional pre-write compensation 
circuitry 

* 85% commonality of parts between 
series 

+ Proven design and performance 


FDD 100-8 
SERIES 
(SA 800 
compatible) 

A compact 
(8") single head, 
random access drive. 
designed for single density 
data storage on a removable 
diskette. 

FDD 200-8 SERIES (SA 850 
compatible) 

This unit incorporates the same 
features as the 100-8 series, but has the 
additional facility of double density, 
dual head, which doubles the storage 
capacity to 1,600 kilo bytes. 


Responsive products fr 


EQUAL 
PLUS 
Convince 
yourself of 
the more than equal 
qualities of the 100-8 and 
200-8 series. Flexible Disk Drives that 
combine all the technological superior- 
ities of GSI engineering...with the 
production and distribution resources 
of Siemens. Contact us at: 


Siemens Corporation 
OEM Division 

1440 Allec Street 

Anahei 


MICRO DATA STACK 


COMPUTERS, ELEMENTS, AND SYSTEMS 


THE AMI/BERKELEY MATCH PROGRAM— 
AN INDUSTRY SPONSORED MICROCOMPUTER 
PROJECT LABORATORY, PART 2 


Harold S. Stone 


University of Massachusetts 
Amherst, Massachusetts 


|, ee projects of varying types evolved from 
the Match Program, conceived by American Microsystems, 
Inc (Santa Clara, Calif) and the University of California’s 
(Berkeley) Electrical Engineering and Computer Science 
Department to provide students with the learning labora- 
tory experience of designing a microcomputer system. 
Part 1, published last month, detailed the program itself 
and one student’s EEG/EKG analyzer—the winning pro- 
ject. This final installment describes two other projects: a 
voice controlled wheelchair and an intelligent terminal. 


Microprocessor Based Control System 
For Wheelchairs 


This project by Eytan Ben-Meir intends to create a micro- 
computer controlled wheelchair that accepts and operates 


TO 6800 
MICROPROCESSOR 


from voice input. Handicapped people confined to wheel- 
chairs frequently have disabilities that prevent them from 
operating wheelchairs either by hand or by a mechanical 
device that controls a drive motor. Voice input and speech 
recognition for a small vocabulary not only are feasible, 
but also are in commercial production, so that this aspect 
of the project in itself is not an advance in technology. 
The challenge consists of coupling voice input to a wheel- 
chair drive system, while making a small system that con- 
sumes little power, so that it can be self-contained to fit the 
space available in a wheelchair. This would have been 
impossible prior to the advent of microprocessor tech- 
nology. 

The interesting aspect of the design concerns the speech 
recognizer. Basic external portions of the circuitry appear 


Fig 1 Speech input interface. Circuit 
maps single utterance into plane 
spanned by two formant frequencies, 
which are separated by filters. System 


detects beginning of command (1 on 
INP); LF and HF (low and high fre- 
quency) are sampled every 160 us and 
number of zero crossings/100 samples 
is recorded. This is repeated for 60 pe- 
riods 
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in Fig 1. Here voice input from a microphone is filtered 
through a 3-kHz low pass filter, and then is analyzed 
separately through 1-kHz high pass and low pass filters, 
and by level detectors set to detect normal talking and 
shouting. The shout level detector shuts down the wheel- 
chair in emergencies since the presence of shouting causes 
an emergency halt without requiring analysis of the speech 
content. 

The speech level detector output triggers the analysis 
software in the microprocessor that voice data are present, 
and the microprocessor then samples the outputs of the 
low and high pass samples. Samples are taken every 160 
ps, and the number of zero crossings/100 samples is re- 
corded for samples taken in a 16-ms period. The process 
of sampling and averaging over 16 ms is repeated 60 
times, covering 960 ms of speech, sufficient time to catch 
most single utterances. 

The zero crossing data collected for 60 low and high 
pass samples are basic data used by the speech recognizer 
to select the nearest word from its vocabulary. The project 
used a simple heuristic weighting scheme to detect one 
of seven commands: go, stop, slow, fast, back, left, and 
right. Fig 2 shows the idea behind the recognizer. This 
2-dimensional matrix contains 30 cells arranged in a 5 x 6 
array. Each cell is identified by its x-y coordinate, given 
in the number of zero crossings observed in one interval 
in the high and low frequency channels, respectively. 
Thus, each 16-ms sample of high and low frequency zero 
crossings produces a pair of numbers that becomes the 
coordinates of a cell in Fig 2. The 60 16-ms samples are 
entered into the table by recording in each cell the num- 
ber of those samples whose coordinate pairs fall in the 
cell. To complete the recognition process, the resulting 
5 x 6 matrix is compared with stored versions of matrices 
that indicate the most likely results when each of the seven 
oral commands is received, and the processor selects the 
best match. 

To store the seven pattern matrices, the processor has a 
training mode during which the subject repeats several 
times the command to be uttered, with an average of the 
observed matrices computed in the pattern matrix. Project 
development was uncompleted at the close of the academic 
year so that exact details of the training and recognition 
algorithms were not settled. The successful application of 
this approach, while still uncertain, is a subject of much 
interest. 


Design and Implementation of 
CRT Terminal With Graphics Capability 


Design of a cathode-ray tube (crt) terminal that performs 
both text editing and graphics is the objective of this pro- 
ject by Bruce Char and Michael Ubell. To give flexibility 
and computational power, a microprocessor drives the 
terminal, typical of other intelligent terminals currently 
available. To create enhanced capabilities, the system can 
accept a new character or graphics character set from the 
input keyboard, and use these characters to generate visual 
images. In addition, the system has a user definable sub- 
routine area wherein the user can enter programs for the 
microprocessor to process data in the display memory. 
Presumably this terminal could be coupled to an existing 
system as an intelligent terminal. The ability to change 
the contents of the programs in the terminal’s memory 
permits it to be downline loaded externally so as to alter 
its interactive and functional characteristics. 

Fig 3 shows a block diagram of the system. The mi- 
crocomputer is the AMrI EvK-200 evaluation kit to which a 
keyboard and display processor are connected. The student 


NO OF ZERO CROSSINGS/l6ms 
(HF CHANNELS) 


P(2) | P(3) 


6 13 19 25 
NO OF ZERO CROSSINGS/l6ms 
(LF CHANNEL) 


Fig 2 Zero crossings plane. Plane is divided 
into 30 elements. Array P(i), i = 1, 2,..., 30 
is created and compared with seven arrays 
prepared during training mode for seven 
commands; statistical rule decides which com- 
mand (if any) was given 


TO AND FROM 
COMPUTER 


Evk - 200 


VIDEO 
MONITOR 


= 
a 


Fig 3 Microcomputer system for CRT ter- 
minal. Terminal’s major components are 
video board and microcomputer board. 
Latter is AMI’s EVK-200 prototyping system 
containing 6800 processor, I/O interfaces, 
RAM, ROM, and P/ROM. ROM contains de- 
velopment software for prototyping work— 
6800 assembler/disassembler and _ utility 
routines to load and develop application 
software. Use of EVK system hardware is 
not integral to design 
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LATCH CURSOR 
LOAD SHIFT 
REGISTER 
WRITE FONT 
WRITE BUFFER 


SELECT FONT 
SELECT BUFFER 


CHARACTER ADDRESS 


16 S4015 1k RAMS 
2k * 8 FONT RAM 


20 S4015 Ik RAMS 
2k x 10 CHAR BUFFER 


2 
0 
= 
2 
i 
= 
~4 
Zz) 


OUTPUT 
MULTIPLEXER 


BUFFER OUTPUT BUS 


LOAD SHIFT 
REGISTER 


Fig 4 Video board memory. Schematic shows memory segmented into three parts. Buffer memory is map of 1920- 
char matrix locations, stored in 2048 x 10-bit RAM. Character generator ROM is used for ASCII character set (standard 
font). Alternative font is stored in 2048 x 8 bits of RAM, organized as 256 8 x 8 dot patterns 


designed display processor drives a video monitor. The 
heart of the display processor is a 6845 video display chip, 
donated by Motorola, plus a collection of 16 8-bit control 
registers that define the characteristics of the display, such 
as height, width, cursor position, and blink rate. The 
processor can load these, so that the display controller can 
be altered by program to drive various types of monitors 
with different characteristics. 

The design decision to go to a separate processor was 
forced upon the design team because the latency of the 
6800 to direct memory access requests is too long to be 
useful for the high speed requirements of the display. 
Consequently, the microcomputer loads data into the dis- 
play processor for viewing on the terminal, and the display 
processor responds to processor requests with an acknowl- 
edge signal when the operations are completed. 

To perform various display functions, the display 
processor memory is organized into three separate parts—a 
character memory, and a random-access memory (RAM) 
and read only memory (Rom) to hold displayable patterns 
(Fig 4). A map of the displayable character positions is 
organized as a 2048 x 10 memory. The 10 bits encode 
character (8 bits), font (1 bit to select from two fonts), 
and inverse or direct video (1 bit). One of the selectable 
fonts is from a standard character generator RoM (a 6061 
donated by Monolithic Memories, Inc) or from user pro- 
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grammed memory arranged as an array of 256 characters 
encoded as 8 x 8-bit matrices. 

The project’s challenging aspects concerned the high 
speed requirements for the video display unit which 
essentially precluded a heavily software oriented imple- 
mentation based on the 6800 microcomputer. Fortunately, 
some of the hardware design problems were greatly eased 
by the use of the display controller chip. Dense, fast 
memory would also have been helpful in reducing con- 
struction time since the memory contains about 36 chips, 
yet does not contain a good deal of capacity. 


Conclusions 


These two projects and others not published in this article 
are far more ambitious lab projects than could have been 
attempted before the advent of the microprocessor. 
Students now have the opportunity to focus their energies 
and talents on total systems where they once had to be 
content with building pieces of systems. They can solve 
problems that range from electrical, hardware, and soft- 
ware design, to packaging and human interfacing. 
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Our MPI 52 two-headed micro floppy drive has speed, accu- 


e 
racy, capacity, and simplicity. It’s better than any other drive. 
Better because it’s faster. Five times faster than the next best. 


Our exclusive band-positioning design ensures track to track 


access time of 5 milliseconds. 


etter Better because it’s bigger. 437.5K bytes per double density 
e disk, unformatted. 


And simply better because it’s reliable. The MPI 52 has 112% 
speed control, no mechanical switches, and comes fully burned 
in. There are only 10 moving parts, including our front door 
diskette ejector mechanism. 


Order your industry-compatible MPI floppy disc drive. It’s 
the drive for success. 


MICRO PERIPHERALS INC. 
21201 Oxnard Street 

Woodland Hills, California 91367 
(213) 999-1353 
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Standalone Microcomputer Develops 
Resident, High Level Language Programs 


DT/uMOS development system can stand alone for program development; it in- 
cludes DT/u1MOS microcomputer, dual floppy disc with controller, interactive CRT 
terminal, full high level development language, and in-circuit 1/O emulation. Solid 
State Scientific has developed model DTM 145-DH to be enhanced with options, 


peripherals, and accessories 


pTt/uMos model prmM 145-pH high 
level development system is a stand- 
alone microcomputer for resident, 
high level language program develop- 
ment. It is comprised of the pr/ 
pMos microcomputer, dual floppy 
disc witk controller, interactive CRT 
terminal, high level development 
language, and in-circuit 1/o emula- 
tion. 

Based on the scr 1802 microproces- 
sor, the microcomputer utilizes cmos 
technology for low power, high noise 
immunity, and wide temperature 
range. Specifications include an 8-bit 
word size, 3.2-MHz clock, instruc- 
tion cycle time of 5 ys at 3.2 MHz 
or 3.2 ys at 5 MHz, and memory 
addressing of 65k bytes of RAM, 
ROM, Or EPROM. Memory capacity 
consists of a 12k-byte RAM with ex- 
pansion up to 65k bytes using op- 
tional RAM or EPROM. An optional 
hardware arithmetic logic chip han- 
dles high speed scientific computa- 
tion. It provides 32-bit fixed and 
floating point notation of arithmetic 
and scientific functions. Interactive 
in-circuit 1/o emulation eases devel- 
opment. In addition, each system 
component is individually available 
for OEM systems. ° 

Dual floppy disc drives accommo- 
date 250k bytes/drive (18m format) 
for editing and program storage. The 
floppy disc controller supplied can 
control up to four drives for a total 
capacity of 1M bytes. It features in- 
dividual write protect and disc based 
editing. 


140 


Interactive program development 
utilizes a crT terminal for program 
entry and debugging. Type and fea- 
tures of terminal, including format- 
ting, function keys, edit capability, 
and block mode, are optional. Stan- 
dard features are a 24-line x 80- 
column display, upper case ASCH, 
addressable cursor, Rs-232-c, 20-mA 
current loop, printer output, and dis- 
play scrolling. Line printers are also 
available depending on the applica- 
tion. 

The resident structured high level 
programming language used by the 
development system is microroRTH. 
Highly efficient in programming 
throughput, memory capacity, and 
processor speed, it is comprised of a 
compiler, a cross compiler to com- 
press application programs for target 
systems, an assembler, a cross assem- 
bler, interpreters, an editor, and a 
floppy disc operating system. Multi- 
level programming allows the lan- 
guage to “learn” as applications pro- 
grams are developed. Other features 
are interactive debugging and reverse 
Polish notation. The language, ac- 
cording to Solid State Scientific Inc, 
Montgomeryville, pa 18936, reduces 
program development time by up to 
90% over assembler language. 

The system is suited to micro- 
processor product development, en- 
gineering, and research. Documenta- 
tion is supplied. System peripherals, 
accessories, and expansion modules 
are also available. 

Circle 410 on Inquiry Card 


Bus Adapter/Motherboard 
Expands Memory and 
Extends I/O Capabilities 


The 8100, an adapter and 6-slot 
motherboard with card guides, inter- 
faces the Radio Shack Trs-80 micro- 
computer to the S-100 bus. The 
adapter connects to the microcom- 
puter via a ribbon cable. A second 
tRs-80 connector allows another mi- 
crocomputer to be connected at the 
same time. 

Also included are optional on- 
board support circuitry and sockets 
for 16k bytes of dynamic RAM. The 
RAM may be split into 4k blocks 
which are addressed to any 4k 
boundary; 4k dynamic RAMs may be 
used in place of 16k RAMs. 

nuH Electronics, 1429 Maple St, 
San Mateo, ca 94402 has included 
optional onboard 1/o interfaces to 
handle serial and parallel 1/o. 
Serial interface features rs-232 or 
20-mA current loop, software pro- 
grammable baud rate from dc to 56k 
baud, programmable modem control 
lines, and onboard ps-25 connector. 
Jumper selection allows the micro- 
computer to function as either a 
computer or a terminal. 

Latched 8-bit parallel input and 8- 
bit parallel output ports have posi- 
tive and negative strobe inputs and 
outputs. A standard 22/44-pin edge 
connector joins them. 
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Package Assembles 
and Expands Board- 
Level Computer System 


The rmc 660 assembled, rackmounted 
system, developed by the Computer 
Products Group of National Semi- 
conductor Corp, 2900 Semiconductor 
Dr, Santa Clara, ca 95051, accepts 
up to eight Series/80 microcomputer, 
memory, and interface boards. It 
either assembles a Series/80 board- 
level computer system or expands 
existing systems as a chassis. Boards 
are inserted in slots; etched back- 
plane circuits interconnect power, 
bus, and control lines. 

Designed for the company’s or 
Intel’s board-level computers, the 
package consists of two system board 
chassis, heavy-duty regulated power 
supply, and front panel with control 
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TECHNICAL EDUCATION 


+ INTEGRATED COMPUTER SYSTEMS, INC. 
1979 WINTER/SPRING SCHEDULE 


~ FIVE-DAY COURSE SERIES 
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These courses, and other advanced technology courses, are 
also offered throughout the year in Paris, London, Copenhagen, 
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switches mounted in a standard 7 x 
19 x 20” (17.8 x 48.3 x 50.8-cm) 
RETMA enclosure. Price is $1250 
each. Supply provides —12 V at 1.5 
A, 5 V at 30 A, —5 V at 175 A, 
and —12 V at 1.75 A. Output current 
is limited to 1.2 times rated value 
while overvoltage protection circuits 
operate at 1.16 to 1.32 times rated 
voltage. Line voltage input is through 
a transformer tapped for 100, 115, 
‘200, and 230 V at 47 to 63 Hz. 

Regulation is 0.1% for a 50% 
load change and 0.1% for a 10% line 
variation. Ripple is 10 mV peak to 
peak, from de to 500 kHz, on all 
outputs. Stability is 0.05% for 8 h 
with constant line, load, and tempera- 
ture. Remote sensing is provided for 
the 5-V level; all outputs may be 
trimmed +5% from nominal values. 

An ac power failure detection cir- 
cuit supplies a TrL compatible high 
level signal when line voltage drops 
10% below normal. The signal re- 
turns low when line voltage reaches 
8% below normal. All dc levels 
remain within specification for 2 ms 
after low line conditions and 7.5 ms 
after total power loss to complete 
orderly shutdowns. 


Four LSI Peripheral 
Devices Enhance 
Bit-Slice Based Systems 


Additions to the 2900 family offer 
four peripheral devices for bit-slice 
based systems. Included are the 
Am2904 status and shift control unit, 
Am2930 program control unit, 
Am2940 direct memory access coun- 
ter, and Am2942, a 22-pin version of 
the direct memory access counter. 
The ts devices from Advanced Micro 
Devices, Inc, 901 Thompson PI, 
Sunnyvale, ca 94086 replace up to 
15 lower complexity circuits. They 
undergo 100% processing to MIL-sTD- 
883 requirements. Prices range from 
$16.95 to $22.95 in 100-unit lots. 
The 2904 contains three indepen- 
dent logic blocks to handle housekeep- 
ing functions associated with the aLuv. 
The circuit selects the carry-in signal 
to the atu from one of seven sources. 
It sets up 32 shift linkages, 16 left 
and 16 right, to handle shift tech- 
niques found in minicomputer in- 
struction sets. Two edge triggered 
status registers function as foreground 
or background registers or as micro 


142 


or machine level status registers. Bit 
manipulating instructions are  pro- 
vided. The device also performs 
single-cycle tests for any of 16 con- 
ditions. Tests are performed on either 
of two status registers or directly on 
the ALu output. 

The 2930 functions as a program 
counter which is updated at the end 
of each memory fetch and as an index 
register to store offset values. It 
handles subroutine linkage and rela- 
tive address capability, while also 
providing a microprogram sequencer. 
Expansion accommodates long ad- 
dresses. 


Two independent 8-bit synchronous 
counters comprise the 2940. Either 
counter can be incremented or dec- 
remented on each clock. Each coun- 
ter can be preset through a syn- 


chronous parallel load feature. The 
DMA counter itself is cascadable to 
any length; its two internal counters 
can be cascaded to form a 16-bit 
programmable up/down counter in 
one package. 

The 22-pin version 2942 functions 
as a high speed pMa address gen- 
erator or programmable timer/count- 
er. Multiplexed address and data 
lines can be used with a common 
bus. Of the 16 instructions, 8 are 
the same as those of the 2940. 
Eight additional ones facilitate the 


programmable timer/counter func- 
tions. As such, the device has two 
independent programmable  8-bit, 


up/down counters in one package. 
Cascading is possible with several 
devices or within one device to form 
a 16-bit single-chip counter. 

Circle 412 on Inquiry Card 


Training Aid Teaches 
Microprocessor Hardware, 
Software, Troubleshooting 


The 5036A entry level microproces- 
sor learning program covers three 
fundamental areas—hardware, _ soft- 
ware, and troubleshooting. Hewlett- 
Packard Co, 1501 Page Mill Rd, Palo 
Alto, cA 94304 has designed the brief- 
case-size microcomputer and 20-lesson 
textbook/lab manual to give hands- 
on experience, especially useful to 
industrial training, production, and 
service departments. The company’s 
model 5004A Signature Analyzer 
and 5024A Troubleshooting Kit can 
be added for training in microcom- 
puter fault location; jumpers  intro- 


duce faults and program failures 
into the system. 

A pc board layout of the micro- 
processor lab’s main circuit board 
uses color graphics to highlight com- 
ponents and buses, Data, address, and 
status lines have individual Lep in- 
dicators. During single-step program 
execution, the user can observe each 
signal line during each machine cycle. 
Demonstrations cover operation of 
microcomputer systems with key- 
boards, speakers, switches, LEDs, and 
displays; interaction with 1/o de- 
vices; and processor handling of 
inputs. The lab also shows how to 
differentiate between a microproces= 
sor and its peripherals when a fault 
exists in a system. 


Microprocessor lab from 
Hewlett-Packard _ trains 
user in areas of trouble- 
shooting, hardware, and 
software. Block diagram 
layout of main circuit 
board uses color graph- 
ics to teach hardware 
concepts; Monitor pro- 
gram demonstrates pro- 
gramming aspects; and 
addition of signature 
analyzer supplements 
troubleshooting experi- 
ments 


(Continued on p 144) 


SOROC's first 

and foremost 

concern, to 

design outstanding 

remote video displays, has 
resulted in the development 
of the 1Q 140. This unit 
reflects exquisite appearance 

and performance capabilities 
unequaled by others on the market. 


With the 10 140, the operator 

is given full command over data 

being processed by means of a wide variety 
of edit, video, and mode control keys, etc. 


The detachable keyboard, with its 

complement of 117 keys, is logically 

arranged into 6 sections plus main keyboard 

to aid in the overall convenience of operation. 

For example, a group of 8 keys for cursor control / 

14 keys accommodate numeric entry / 16 special function keys 
allow access to 32 pre-programmed commands / 8 keys make 
up the extensive edit and clear section / 8 keys for video set 
up and mode control / and 8 keys control message and print. 


Two Polling options available: 1) Polling compatible with Lear 
Siegler’s ADM-2. 2) Polling discipline compatible with Burroughs. 


The SOROC 

1Q 120 is the result 
of an industry- 
wide demand 

for a capable 
remote video 
display terminal 
which provides a 
multiple of features 
at a low affordable price. 
The 1Q 120 terminal is a simple 
self-contained, operator / computer unit. 


The 1Q 120 offers such features as: 1920 character 
screen memory, lower case, RS232C extension, 
switch selectable transmission rates from 75 to 

19,200 bps, cursor control, addressable cursor, erase 
functions and protect mode. Expansion options presently 
available are: block mode and hard copy capability with 
printer interface. The 1Q 120 terminal incorporates a 12-inch, 
CRT formatted to display 24 lines with 80 characters per line. 
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The programming portion explains 
how programs work at hardware and 
software levels, and teaches simple 
programming. The rom is program- 
med with the Monitor, comprised of 
a power-up, self-test program to 
check system operation, demonstra- 
tion programs to illustrate microcom- 
puter versatility, and signature analy- 
sis test program to exercise all the 
system’s nodes for troubleshooting 
purposes. The Monitor determines 
processor reactions to keyboard com- 
mands, and performs programmed 
operations. 

The final aspect of the system is 
troubleshooting and repair to the 
component level. The recommended 
accessory for the troubleshooting 


experiments is the 5004A Signature 
Analyzer. The signature analysis 
data compression technique provides 
a 4-digit hexadecimal “fingerprint” 
unique to each node in a microcom- 
puter system. Users compare signa- 
tures of circuits under repair to those 
documented by the manufacturer in 
order to verify that the signal on the 
node is correct. 

The lab is priced at $800. Trouble- 
shooting accessories are the 5004A 
Signature Analyzer for $990, and the 
5024A Troubleshooting Kit for $625, 
which includes the 545A Logic Probe, 
546A Logic Pulser, and 547A Cur- 


rent Tracer. 
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Analog Input and I/O 
Boards Bring Data 
Acquisition to uComputers 


Two solutions to data acquisition 
‘problems for users of the Intel 
spc-80 single-board computers are 
available. These are a second gen- 


eration analog input board and an 
analog 1/o subsystem, both of which 
are electrically and mechanically 
compatible with the spc-80/10, /20, 
and Mps systems. 


Analog Input Board 
The first is the rr1-1202, available 
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with 8 or 12 bits of resolution and 
accuracy. It features a high speed 
sample and hold amplifier, instru- 
mentation amplifier with resistor 
programmable gain, 16 single-ended 
or 8 differential input channels ex- 
pandable onboard to 32. single- 
ended or 16 differential channels, 


‘ and accepts 4- to 20-mA_ current 


loop inputs. The prewired board can 
be plugged into any Multibus card 
cage. Wirewrap jumpers change in- 
put range or operating mode. 
Additional features of the inter- 
face are memory mapping, external 
trigger and roc interrupts, and ran- 
dom or autoincrement modes of chan- 
nel selection. A de-de converter is 
optional. Key specs are input over- 
voltage protection to +(Vce + 
20 V), gain range of 1 to 1000 V/V, 
input full-scale range of 10 mV to 
+10 V, 2-yus max conversion time 
for 8-bit apc and 25-ys max for 
12-bit apc, and throughput of 125 
kHz for 8 bits and 30 kHz for 12 
bits. The Instruments and Systems 
Group of Analog Devices, Inc, Pro 
Box 280, Rt 1 Industrial Park, Nor- 
wood, MA 02062 has introduced the 
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Microprocessor 
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rapes mah ml a 
EE Soe ay eon 


Address Decode 
and 


Control Bus 


ae 


Address Bus 


3 
fl 


4 


| MN2300 | 

14 to 20-mA:——> Analog 
Output 

——> Channels 

' MN2300 | 

+4 to 20-mA-—_> 


‘Converter! 
L 4 


Analog I/O subsystem from Micro Networks plugs into card cage containing SBC-80. This adds up to 32 analog input 
channels and 2 voltage or 4- to 20-mA output channels. Input multiplexer, precision instrumentation amplifier, sam- 
ple/hold amplifier, and programmable gain amplifier are standard; dc-dc converter is optional 
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When you integrate hardware and software ... 


act1 


solves your time problem — 


=» Real Time Operational Analysis =» Reduced Software Debug Time 
= Timely Development and Production 


The easy-to-use “act 1” 

makes short work of that 

frustrating and costly 

problem of overall systems 

analysis. It puts an end to 

finger pointing by giving 

both hardware and 

software designers a fast 

way of coordinating their 

work in the system 

environment, thereby reducing expensive over-design 
of both equipment and programs. You can inspect, 
modify, and correlate computer and computer 
controlled systems in real time...and more im- 
portantly your development program will be “on-time.” 


act 1 


9020 Balboa Ave 
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“act 1" saves systems 
development time by 
providing hardware and 
software timing analysis, 
and automatic testing 
capability, simultaneously. 


So before you waste 

another nanosecond, take 

a long look at the many 

advantages of having your own versatile “act 1.’ We 

know from experience that it will pay for itself on your 

first computer programming (or reprogramming) 

development — no matter which side you're on. Call or 
write for information and a hands-on demonstration. 


p conic DATA SYSTEMS 


LORAL CORPORATION 
/ San Diego, CA 92123 Tel. (714) 279-0411 / TWX 910-335-1183 
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board at prices from $399 in quanti- 
ties of one to nine. 
Circle 414 on Inquiry Card 


Analog I/O Board 


Offering 19 bits of dynamic range, 
the standard mMN7300 from Micro 
Networks Corp, 324 Clark St, Wor- 
cester, MA 01606, provides 16 input 
channels. The optional multiplexer 
expander increases the input chan- 
nels to 32 single-ended or 16 dif- 
ferential. Two output channels offer 
either voltage or 4- to 20-mA out- 
puts. Two optional output channels 
drive crr displays, pen plotters, and 
analog control applications, as well 
as generating complex analog wave- 
forms. Both channels can be con- 
figured for voltage outputs of 0 to 
5, 0 to 10) 222.5, 25. aud cl6: V7, 


EPROM Module Holds 
Up to 16 Individually 
Addressable Devices 


Byte Board, an EPROM module for 
the S-100 bus, accepts up to 16 2708 
EPROMS, incorporates a power-on 
jump capability, and provides for 
wait state generation for slow mem- 
ories. Each EPROM is individually ad- 
dressable on any 1k boundary, and 
may be placed anywhere in the com- 


or for 4- to 20-mA current outputs. 

Included are a 12-bit apc and 8- 
level software programmable gain 
amplifier, Using this amplifier, the 
basic user selectable input ranges of 
0 to 5,0) tor 20) 222.5. | 25, “and 
+10 V can be modified under soft- 
ware control by gains of 1, 2, 4, 
8, 16, 32, 64, and 128. This allows 
full-scale input ranges from +19.5 
mV to +10 V. 

The memory mapped board oc- 
cupies 10 consecutive locations posi- 
tioned anywhere in user memory. All 
card activities are software  con- 
trolled. Additional features are a 
low package count, hermetic sealing 
of critical components, and an 
optional de-de converter. Prices range 
from $612 to $1138, depending upon 
options. 

Circle 415 on Inquiry Card 


puter’s address space. Unused EPROM 
locations do not take up memory ad- 
dress space. The state of all user 
selectable options, silkscreened onto 
the board, can be read directly from 
the board. 

Data Vector Corp, ro Box 3141, 
Burbank, ca 91504 has solder masked 
the module to minimize solder bridges 
during assembly. It is fully socketed 
and has two spare 1c pads for custom 
circuitry. 
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Desktop Computer 
Packages Peripheral 
Devices Internally 


The 625 Mark u desktop computer, 
based on a Z80 central processor, 
includes an extended Basic operating 
system and up to 60k bytes of in- 
ternal RAM, along with the display 
and hardcopy peripherals. A 1280- 
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character crr displays 16 lines of 80 
characters, with 64 graphic charac- 
ters. A  40-column alphanumeric 
matrix printer provides multiple cov- 
ies on plain paper, with variable 
character sizes. The full size type- 
writer style alphanumeric keyboard 
also has a 10-key numeric keypad. 
Twenty keys serve as 60 special 
functions. 

Dual flexible disc drives store up 
to 630k bytes of data (both program 
and data storage). Compucorp, 1901 
S Bundy Dr, Los Angeles, ca 90025 
offers several software packages for 
both business and scientific applica- 
tions, available on flexible discs. 

Five board slots within the com- 
puter handle various interface op- 
tions. Yhese are the I1EE-488 bus 
option, A-D/p-A interface with in- 
ternal multiplexer and 32-line paral- 
lel interface, dual serial communica- 


tions controller, cmos memory and 
realtime clock, and S-100 interface. 
A 19” (48-cm) rackmount version 
is also available. Prices start at 
$8000. 
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Buffered 16k RAM 
Board Uses Fully 
Static 4k Memory IC 


An S-100 bus 16k x 8-bit ram board 
uses a 4k memory Ic similar to the 
2102, but with four times the ca- 
pacity/ic package and less power/ 
bit. Typical power is 1.5 A at 8 V. 
Fully static memory is compatible 
with pMa and other devices. All sig- 
nals to Mos devices are buffered by 
low power TIL to prevent static 
electricity damage and to minimize 
capacitive loading on the bus. 

No wait states are required for 
8080, Z80, or other cpu operation at 
2 MHz (4 MHz optional). A vie 
switch selects addresses in 16k blocks. 
Electronic Control Technology, 763 
Ramsey Ave, Hillside, ny 07205 pro- 
vides low profile 1c sockets; battery 
backup can be wired in. 
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1/O Interface Module 
Expands Computer's 
Capabilities 


Providing four channels of program- 
mable ac power control, 600 W each 
channel or 1600 W total, the A828/ 
Ac-P 1/o interface for the Radio 
Shack trs-80 microcomputer can 
sense switch closures, photosensors, 
and 5-V logic levels, drive Lep dis- 
plays, and operate motors, solenoids, 
and alarms. The package consists of 
a_ self-contained 5-V power supply, 
interface cable, 1/o port connector 
cable, metal enclosure, and sample 
programs. The power supply prevents 
loading of the trs-80. The 5 V at 
150 mA is present at the port con- 
nector for powering user circuits. 
jc Enterprises, po Box 23445, San 
Diego, ca 92123 is selling the inter- 
face for $165, with an optional ex- 
pansion cable costing $6. With the 
same functions, the A828 ac is also 
offered that includes 4-channel ac 
power control and 5-V power supply. 
Price is $124.50. 
Circle 419 on Inquiry Card 
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1 9191 $1918.81. 8.66 
OPTION: Add-On CENTRAL OFFICE 1200/1800 


Mi Board 
e Protocol Convaitlon « aiSeNMMe shcarcion M O D E M S H E LF 
e Code Conversion e Selective Calling 


e Store and Forward Over 3,000 In Service 


For more than three years Telcon’s 1200 baud 
modems have been carrying news for wire services 
around the world. 

Telcon’s quality FSK data modem TM-1200 is de- 
signed for asynchronous operation up to 1200 bps 
over a 3002 unconditioned line (up to 1800 bps with 
C2 conditioning) or over the public switched network 
using a CDT coupler. 

Bell compatible 202D, the TM-1200 complies with 
EIA standard RS-232 (20 mA current loop interface 
also available) and offers full duplex, half duplex or 
simplex operation. 

As with the other, more famous, members of the 
Telcon family of data communications equipment 
(VCS-100, Datamax), the TM-1200 is synonymous 
with reliability, thanks to integrated circuits, active 
filter networks, burned-in units and MTBF in excess 
of 25,000 hours. 

The space saving rack mount style offers up to 15 
modems per rack. Available in a low profile portable 

- eee desk top model. 
REAR VIEW Call us—after all, isn’t your need at least as 


important as the news wire service. 
STAND-ALONE 
@ Self-contained power supply 
e@ Full Front Panel Controls 
@ 115/230 VAC - 50/60 Hz Standard 
e@ Less than 1% total bias distortion per channel 


LEDs Monitor: RTS, CTS, Transmit Data, Receive Data 
DATA MODEM Switches provide digital loopback, analog loopback 
and local inhibit 


UNIT PRICE 


8365 ,00 


| elcon 5701 N.W. 31st Ave. e Ft. Lauderdale, FL U.S.A. 33309 


Telephone (305) 971-2250 e TWX (510) 956-9412 
INDUSTRIES, INC. London 01/353-6621 
Leaders in Data Communications Since 1968 DELIVERY FROM STOCK TO 4 WEEKS 
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Introducing SUMMIT. 


Re 
minicomputer 


longer must your 
system be hampered 


by a one-track mind. 


Up to now, most minicomputer 
systems could only have one thing on 
their mind at a time. 

If they could handle one set of 
tasks, they couldn’t handle another. 
Not concurrently, at least. 

That’s why Sperry Univac is 
bringing you SUMMIT— Sperry Univac 
Minicomputer Management of Inter- 
active Terminals. A powerful, flexible, 
new operating system. 

One that lets you coordinate all your 
data processing needs and lets your 
system perform them concurrently. 

SUMMIT is a terminal-oriented, 
message-driven operating system that 
lets you perform timeshare, transaction 
processing, and batch processing. 

Our simple new query language 
and our data base management 
system, give you complete data base 
access, file access security, inquire, and 
report facilities. 

With SUMMIT you can use 
PASCAL. A powerful new language 
for scientific, commercial and system 
programming that most competitive 
systems still can’t speak. (Naturally, 
SUMMIT also speaks COBOL, FOR- 
TRAN, and RPG II.) 

It gives you terminal independence. 
So you can use buffered, block-mode 
terminals. Character-mode terminals. 
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Uniscope terminals. 3270 terminal 
clusters. Concurrently. 

You can perform on-line program 
development with line, screen, and text 
editors and submission of tasks to 
background queue. 

SUMMIT also gives you enhanced 
file structure. With a surprisingly large 
file capacity. And that, of course, 
provides outstanding text processing 
capability. 

What’s more, SUMMIT has connec- 
tions. Distributed processing connec- 
tions for Sperry Univac 90 and 1100 
Series and our powerful minis (like the 
new V77-800), as well as 370’s. 

You get all this only with SUMMIT 
from Sperry Univac. 

For more information, write to 
us at Sperry Univac Mini-Computer 
Operations, 2722 Michelson Drive, 
Irvine, California 92713. Or call 
(714) 833-2400, ext. 536. 

In Europe, write Headquarters, 
Mini-Computer Operations, London 
NW10 8LS, England. 

In Canada, write Headquarters, 
Mini-Computer Operations, 55 City 
Centre Dr., Mississauga, Ontario, L5B 1M4. 

We're Sperry Univac. 

And we think it’s time minicom- 
puter systems were put under new 
operating management. 


=UNIVAC 


SPERRY UNIVAC IS A DIVISION OF 
SPERRY RAND CORPORATION 
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Dept of Defense Must 
Protect uProcessors 
From Static Electricity 


The pervasiveness of static electric- 
ity—a peril to microprocessors—ne- 
cessitates that the Dept of Defense 
(pop) catch up with industry in ma- 
terials and equipment to prevent 
static electricity damage to micro- 
processors. This message was pre- 
sented by Jess J. Kanarek, president 
of Wescorp, 1155 Terra Bella Ave, 
Mountain View, ca 94043, to the 
national convention of the American 
Defense Preparedness Association. 
Both microprocessor destruction and 
degradation occur in virtually every 
operating environment. 

It was pointed out that increased 
functioning speeds of the chips make 


Floppy Disc Control 
Board Circuitry Uses 
Digital Logic Design 


Single-board, double-density floppy 
disc controller with a pMa channel 
is compatible with 1m 3740 single- 
density and both 18m 2D and Intel 
spc-202 double-density formats. It 
operates with Intel spc-80 and mops 
system software, or the cP/M op- 
erating system. 

An 8085 processor directs diskette 
operation. A 1k-byte RAM _ buffer 
handles disc data. pMa data transfer 


them more vulnerable to static dam- 
age. Therefore, the static electricity 
must be dissipated in an even shorter 
time period if damage is to be 
prevented. 

Current military specs permit anti- 
static shipping bags that require more 
than 0.001 s to dissipate a static 
charge; in addition, the material 
used is degraded by detergents and 
water, and protects only if humidity 
is 25% or more. Industry, on the 
other hand, is increasingly using 
conductive materials and equipment 
in assembly, handling, storage, and 
shipment of microcircuits, assemblies, 
and subassemblies. Kanarek urged 
that more attention be given to de- 
velopment of materials meeting spe- 
cific pop needs, and of methods of 
using these materials to prevent 
degradation at government facilities. 


to or from the system occurs at a 
rate of over 1M bytes/s. 

The board, which does not depend 
on LSI circuits, includes an all digi- 
tal logic design of Micromation, Inc, 
524 Union St, San Francisco, ca 
94133 in the disc control circuitry. 
Included are a phase-lock oscillator 
and write precompensation circuitry, 
as well as crc error detection logic. 
An onboard hardware vart with rs- 
232 interface facilitates communica- 
tion with a system console device. 
Bus arbitration and master control 
logic coordinate the pMma transfer. 
Circle 420 on Inquiry Card 


Precision Analog 
Interface Board Offers 
12-Bit D-A Conversion 


The assembled pars, a_ peripheral 
analog interface board, consists of 
two analog output channels and out- 
put voltage ranges for operation in 
either monopolar or bipolar modes. 
A patch area allows user designed 
circuitry to be utilized. 

Compatible with most S-100 bus 
microcomputers, the board functions 
as a successive approximation ADC 
for measurement and control of up 
to eight analog input channels. A 
separate 8-bit digital output port is 
contained onboard. Vector Graphic, 
Inc, 31364 Via Colinas, Westlake 
Village, ca 91361 has designed it to 
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use hermetically sealed, laser ter- 
minal pacs for true 12-bit (0.012%) 
accuracy. 
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Hardware/Software 
Compatible 1/O Board 
Gives 200-V Isolation 


The dual height, pr2768-I digital 
1/o board is hardware and software 
compatible with Digital Equipment 
Corp’s prv11 general purpose, paral- 
lel line interface unit for the prec 
tst-11 and -11/2. Components are a 
16-bit wide data input register, 16- 
bit wide data output register, and 
control/status register. Two 40-pin, 


pRv11 compatible Berg connectors 
provide input, output, and power 
access; DIP switches assign a_ base, 
as well as two interrupt vector ad- 
dresses. Available addresses and the 
control/status register protocol pro- 
vide maximum software efficiency 
with the basic tst-11 structure. 

A 200-V bit-to-bit isolation feature 
for all 32 data lines, as well as con- 
trol and status lines that interface 
with the external process, optimizes 
systems noise performance and pro- 
vides reliability. Data Translation 
Inc, 4 Strathmore Rd, Natick, Ma 
01760 designed the board for rugged 
industrial environments. 

Isolated signal lines assume a logic 
1 state for inputs between —2.0 and 
0.25 V, and a 0 state for inputs be- 
tween 3.6 V at 15 mA and 7 V at 
25 mA. Input response time is 50 
ps max and input frequency is 
typically 10 kHz. A compatible, non- 
isolated version, the pt2768, operates 
at significantly higher speeds. 
Circle 422 on Inquiry Card 


Tape Controller Applies 
Cartridge Drives to Uses 
of Big Reel Tape Drive 


All 3M type tape cartridge drives 
can be linked to Digital Equipment 
Corp’s tst-11 computers using a plug- 
in tc-160 data cartridge magnetic 
tape controller from Western Periph- 
erals, div of Wespercorp, 1100 Clau- 
dina Pl, Anaheim, ca 92805. The 
controller handles from one to eight 
6400-bit/in (2520/cm) drives each 
having a 17M-byte capacity, or the 
same number of 1600-bit/in drives, 
each with a 4.2M-byte capacity. 
The device emulates pEc’s TM-11/ 
Tu-10 0.5” (1.27-cm) magnetic tape 
system, allowing cartridge drives to 
serve big reel tape drive applica- 
tions. Requiring no special wiring, 
the unit occupies any two adjacent 
Q-bus quad slots in the computer. 
It is cable connected to a_ small 
adapter board that mounts on the 
rear of the drive. These adapter 
boards allow interfacing to Der, 
Kennedy, Qantex, Tandberg, and 3M 
cartridge drives. The adapter daisy 
chains the drives, handles unit-select 
assignments, and provides signals to 
front panel indicators. 
Circle 423 on Inquiry Card 
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DELIVER DIGITALS 
LSI-11/2. MORE POWER TO IT. 


When Digital first introduced the LSI-11/2 The LSI-11/2 family is fully compatible with 
alot of engineers were surprised that the power the LSI-11 family and you can use the popular 


of a microcomputer could be contained on LSI-11 bus, one of the simplest and most flexi- 
such a small board. It opens up a whole new ble component interfaces in the industry. 
dimension in microcomputer applications. Es- Hamilton/Avnet stocks the complete line of 
pecially where space and cost are important. LSI-11/2 products off-the-shelf with 36 loca- 
Now, Hamilton/Avnet adds even more power tions to serve Ha il 


to it...local stock. you. BCT OT LEN, 


World's largest local distributor with 36 locations stocking the world’s finest lines of system components 


SOUTHERN CALIFORNIA ROCKY MOUNTAIN MID CENTRAL NORTHEAST MID-ATLANTIC 
Hamilton, L.A. (213) 558-2121 Sait Lake City (801) 972:2800 ‘Cleveland (216) 461.1400 Boston (617) 273-7600 Baltimore {301} 796-5000 
Avnet, tA. {213} 558-2345 Denver 4303) 5341212 St. Louis (344) 731.1144 Syracuse (316) 497-2641 ‘Mit. Lavret {608} 234-2133 

Albuquerque  {505) 765-1500 Dayton {513) 433.0610 Rochester (716) 442-7820 Raleigh (919) 629-8030 

SOUTHWEST SOUTH CENTRAL SOUTHEAST CENTRAL CANADA 
San Diego {714} 279-2421 Oalles (214) 661.8661 Atianta (404) 448.0800 Toronto (416) 677-7432 
Phoenix (602) 275-7851 NORTH CENTRAL Houston: {743} 780-1771 Huntsville (205) 837-7210: Montreal (814) 333-6443 

Chicago {312} 678-6310. Kansas City (913) 886-8900 METROPOLITAN Ottawa {613} 226-1700 

NORTHWEST Minneapolis {612} 941-3801 SOUTHEAST Westbury (516) 333.5800 INTERNATIONAL 
Sunnyvale (408) 743-3355: Detroit {313} 6224700 St. Pererstuirg (813) 576-3930 Georgetown (203) 262-0361 ‘Telex 66-4329 
Seattle (206) 746-8750 Milwaukee (414) 784-4510 Miami {305} 971.2900 Fairfield (201) 575-3390. Telephone (213) 568-2441 
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MICRO DATA STACK 


COMPUTERS, ELEMENTS, AND SYSTEMS 


Price Formula 
Configures 16k-Byte 
Development System 


A development package for the 6800 
includes a_ single-board computer, 
16k bytes of RAM, RS-232 interface 
with switch selectable baud rates, 
300- and 2400-baud cassette inter- 
faces, FANTOM-I1_ monitor/debug 
ROM,  editor/assembler _ software, 
card rack, backplane, and power 
supply. Wintek Corp, 902 N 9th St, 
Lafayette, in 47904 has priced the 
system at $895, $177 less than the 
regular price. Also available are an 
EPROM programmer module and 15 
interface modules on 4.5 x 6.5” (11.4 
x 16.5-cm) boards with standard 
22/44-pin edge connectors. 
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Reliable, High Speed 
Digital Tape Transport 
Employs Phase Encoding 


Plugging directly into a standard 8- 
bit parallel port, BeTa-1 is a uni- 
versal tape storage device that inter- 
faces to many microcomputers, in- 
cluding non S-100 bus systems. Serial 
port connection is optional. The unit 
uses the industry standard phase- 
encoding technique. An internal 8035 
microprocessor has a 1k-byte pro- 
gram and high level tape operating 
system. The tape transport features 
random seek at more than 100 in 
(254 cm)/s, with average access 
time in 10 s or less, and loading 
time at 8000 bits/s. meca, 7026 Old 
Woman's Spring Rd, Yucca Valley, 
cA 92284 also offers an option that 
permits loading speed of 16,000 
bits/s. Single-quantity price is $399. 
Circle 425 on Inquiry Card 


Hard Disc System Packs 
10M Bytes of Formatted 
Online Storage Per Unit 


The up-10 hard disc system features 
the coc Hawk model 9427H hard 
disc, which uses a single fixed disc 
for 5M bytes of storage. An industry 
standard 5440 type removable disc 
cartridge provides an added 5M bytes 
of storage for file backup capability 


and offline storage. 


146f 


The system includes the impos 1 
operating system, compatible with 
other versions of mmpos and cPr/M™ 
Version 1.33. Applications written 
under impos require little or no 
changes to run under rmopos u. All 
of the company’s utilities and lan- 
guages will also run. 

Compatible with the company’s 
8080/85 based microcomputers, the 
disc system has an average random 
access time under 35 ms. A single 
S-100 bus 1/o board interfaces with 
up to two external disc controllers, 
each of which supports up to four 
hard discs. This expands any system 
to 80M bytes of hard disc storage 
with only one 1/o card. Two models 
—a 10M-byte drive system with con- 
troller and a 10M-byte expansion 
drive—are available from rmsar Man- 
ufacturing Corp, 14860 Wicks Blvd, 
San Leandro, ca 94577 in both 50- 
and 60-Hz versions. 

Circle 426 on Inquiry Card 


Microcomputer System 
Adds Onboard 
Floppy Disc Controller 


The single-board orm 90F/MPs mi- 
crocomputer is based on the Z80™ 
family. Board resident facilities in- 
clude multidensity pma floppy disc 
controller with pMa based disc access, 
multitrack transfers, data scanning, 
and support of up to four 5.25 or 
8” (13.34- or 20-cm) single /double- 
density drives. Quay Corp, ro Box 
386, Freehold, ny 07728 has also 
included up to 65k bytes of dynamic 
RAM, up to 14k bytes of uv erasable 
P/ROM with programmer, 1k bytes 
of static RAM, up to four 8-bit pro- 
grammable 1/o ports (two Z80 
Pios), four programmable counter/ 
timer channels, an rs-232-c or 20-mA 
serial port with selectable baud 
rates, 2.5- or 4-MHz operation, and 
P/ROM resident system monitor with 
debug capabilities. 
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Expandable DAC Boards 
Slide Directly Into 
uComputer's Card Guides 


ST-MNOVA-DA series of three plug-in 
D-A converter boards, in 4- and 8- 
channel versions, interface to Data 
General’s micronovA microcomputer. 


The -pa4a is a 4-channel unit with 
an optional +15-V 150-mA dc-dc 
power converter onboard. The -pa4B 
is the same, without the dc-dc con- 
verter; it requires an external sup- 
ply of +15 V at 160 mA. The third, 
-pa8s, is an 8-channel pac; it does 
not have the onboard dc-dc converter, 
and requires an external supply of 
+15 V at 320 mA. Prices are $630, 
$550, and $785, respectively. Datel 
Systems, Inc, 1020 Turnpike St, Can- 
ton, MA 02021 includes a systems 
manual and paper tape diagnostic 
program as part of the purchase price. 

Performance specs for all pac 
cards include 4-ys settling time to 
within +% tsp of final value, max 
nonlinearity of +% usp, gain tem- 
perature drift of +30 ppm of full- 
scale range/°C, zero temperature 
drift of +5 ppm of full-scale range/ 
°C (unipolar output), and offset 
temperature drift of +5 ppm of full- 


scale range/°C (bipolar output). 
Slew rate is 20 V/ys. 
Four jumper selected full-scale 


output voltage ranges are 0 to 5, 
0 to 10, +5, and +10 V. Output 
impedance is 50 mQ, capable of driv- 
ing loads with +5 mA of short-circuit 
proof current. Digital input coding 
is either straight or offset binary, or 
2’s complement. Any pac may be re- 
placed by the 16-bit digital output 
port. 
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Switch Programmable 
Ports of I/O Board Give 
Interface Flexibility 


Four parallel ports and two rs-232/ 
TTY serial ports plus strobe and at- 
tention ports of the S-100 1/o board 
are all switch programmable to 
interface various types of periph- 
erals. Parallel ports can be switched 
for input or latched output; both 
serial ports can be switched to any 
of 16 baud rates from 110 to 19k. 
Each strobe and attention port flip- 
flop can be switched for positive or 
negative pulsing. The eight 1/o ad- 
dresses can be located on any bound- 
ary divisible by eight. Designed by 
George Morrow, the swircHBOARD™ 
is available from Thinker Toys™, 
1201 10th St, Berkeley, ca 94710. 
There are options for 4k of nam and 
4k of EPROM. 

Circle 429 on Inquiry Card 
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Now Zilog does 
double-dutfy. 


Introducing the world’s first 
dual-channel data 
communications device. It works with 


(almost) anyone’s microprocessor. 


The Z80 Serial Input/Output: single, N-channel (+5V) 


Here at last is a general- 40-pin device. : | ioe Sere 
purpose device that can What else would you expect DATA BUS ‘casas, | Rx, Tx CLOCKS 
efficiently solve data communi- from the company that's SYNC 
cations problems for just pledged to stay a generation MODEM CONTROLS 
about any microprocessor on ahead in microcomputers? CONTROL Bus / 
the market. Check out the Z80-SIO 
The Z80-SIO is the world’s today. It's on your Zilog distrib- 
first dual-channel, multi- utor's shelves right now in atuae eet 
protocol, serial communica- prototype or production quan- RESET ee] Rx/Tx CLOCK 
tions interface circuit. It tities. Make double sure your SYNC 
supports all serial data commu- next design delivers all the INTERRUPT MODEM CONTROLS 
nications techniques with a performance youre looking for. CONTROL = - 
10460 Bubb Road, Cupertino, 
CHANNELS: Two independent, full-duplex with modem controls. California 95014. 
(408) 446-4666 © TWX 910-338-7621 
DATA RATES: 0-550k bits/second (Z80-SIO); 0-880k bits/second (Z80A-SIO). EASTERN REGION: (617) 667-2179 
OHIO REGION: (614) 457-0820 
Asynchronous; bisynchronous (with CRC generation and MIDWESTERN REGION: (312) 885-8080 
checking); SDLC/HDLC (with CRC generation and checking). SO. WESTERN REGION: (714) 549-2891 


NO. WESTERN REGION: (408) 446-4666 


, EUROPE (ENGLAND): (0628) 36131/2/3 
An affiliate of 


EONENTERPRISES INC. 


We want you to know more Ya 


about Microcomputer Peripherals Zilog 
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SOFTWARE 


Software Makes Computer 
Systems Compatible With 
Three Languages 


Challenger ut series microcomputers 
can be made compatible with Micro- 
soft Extended-Disk Basic, 1968 ANsI 
standard FORTRAN, and 1974 ANsI 
standard coson through the use of 
the os-cp/M software package in- 
troduced by Ohio Scientific, Inc, 1333 
S Chillicothe Rd, Aurora, on 44202. 
The software utilizes the Z80 micro- 
processor, one of three—Z80, 65024, 
and 6800—used in the computer. 
The 48k ram implementation of 
Digital Research’s cpP/M_ operating 
system consists of a cp/M text 
editor, 8080 assembler, and dynamic 
debugger, as well as a Microsoft 8080 
macro assembler, | Extended-Disk 
BASIC, FORTRAN, and coBpou. Docu- 
mentation is supplied. The package, 
with a suggested retail price of $600, 
includes three 8” (20-cm) floppy 
discs—one diskette for FORTRAN and 
BASIC, one for COBOL, and one dupli- 
cator. The software facilitates upgrad- 
ing of models C3-S1, C3-A, C3-B, or 
C3-0EM systems. 
Circle 430 on Inquiry Card 


Software Support Manages 
Memory Mapped Video 
Board Functions 


The 6502 Video Driver Routine 
(vpR) software supports memory 
mapped video boards, interfacing 
easily to applications programs, 
assemblers, and Basic, among others. 
It manages cursor movement, line 
and page overflow, scrolling, and 
control of scrolling speed, printer, 
and partitioning of the screen into 
protected areas, Programmable mode 
control is maintained over the video 
board so that graphics, Greek, and 
reverse characters can be displayed 
on boards equipped with them. Fore- 
thought Products, 87070 Dukhobar 
Rd, Eugene, or 97401 ‘designed the 
package for S-100 video boards of 
16 lines by 64 characters, adaptable 
to 32-character boards. The software 
is provided on a KIM compatible 
cassette tape. 

Circle 431 on Inquiry Card 
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Enhanced Capabilities 
of Macro Assembler 
Retain Speed 


MACRO-80, a 14k assembler for the 
8080/Z80, comes in a package with 
a linking loader, library manager, 
and cross-reference facility. Single 
copies cost $200. Assembling over 
1000 lines/min, the assembler sup- 
ports a complete Intel standard 
macro facility. Memory is the only 
limit on the nesting of macros. 

Code is assemb!ed in relocatable 
modules that the linking loader 
manipulates. An expanded set of 
conditional pseudo-operations, such 
as testing of assembly pass, symbol 
definition, and parameters to macros, 
enhances conditional assembly capa- 
bility. Conditionals may be nested up 
to 255 levels. 

Other features added by Microsoft, 
10800 ne Eighth, Suite 819, Belle- 
vue, wa 98004 are comment blocks, 
variab!e input radix from base 2 to 
base 16, titles and subtitles, variable 
page size, and octal or hexadecimal 
listings. The assembler accepts both 
8080 and Z80 opcodes, selectable 
with a pseudo-op or command switch. 
The user controls assemb!er output 
through various listing control state- 
ments. 
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Simplified Editor 
Creates Color Graphics 
Using Keyboard Commands 


A color graphics editor software 
package is compatible with existing 
48-line Intelligent Systems Corp’s 
Intecolor™ series of intelligent graphic 
terminals containing 8-color displays. 
The package resides in firmware. 
With this peprr (picture editor) soft- 
ware, a user can create any color 
graphic display by using simple key- 
board commands to draw vectors, 
horizontal and vertical lines, rect- 
angles, and symbols, without having 
prior programming knowledge. 
Symbols differ from displays in 
that sets of up to 100 symbols can 
reside in RAM for addition to a dis- 
play on command from the keyboard 
or remote host computer. Like dis- 
plays, these symbol sets can consist 
of any graphics or alphanumeric 
data, and can be stored on diskette 
for later recall. uspara Engineering, 
Inc. 14241 Proton Rd, Dallas, tx 
75234 also supplies a hardcopy print- 
out option on a Printronix printer/ 
plotter. 
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PASCAL Compiler's 
Object Code Executes on 
8080/Z80 Microprocessors 


Developed for the CommFile 130 
microcomputer floppy disc system 
with 44k bytes of memory, this 
efficient compiler is a standardized 
imp'ementation of Wirth’s PAscaL as 
defined by the “pascaL User Manual 
and Report.” The compiler is a utility 
program under the operator oriented 
disc operating system of pMc, a div of 
Cetec Corp, 2300 Owen St, Santa 
Clara, ca 95051. 

Source code for PASCAL programs 
is loaded onto the microcomputer’s 
floppy disc using the standard editor. 
The compiler then produces object 
code which is executable on 8080 
or Z80 microprocessors. Compiled 
programs can execute in systems with 
smaller memories. Proprietary appli- 
cations compiled on a development 
svstem mav be provided in binary 
form to fully protect the source. © 
CommFile users may obtain the com- 
piler for a license fee of $500. 
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Lanquage Addition to 
CRT Forms Small 
Business System 


MICROBOL is a high level language 
for developing and running business 
applications on floppy disc configura- 
tions. It operates with Digital Equip- 
ment Corp’s vt-100 crt, providing 
such screen attributes as split screen 
scrolling, dynamic cursor addressing, 
and full software control of all 
screen ovtions. It operates within 16k 
words of processor memory, support- 
ing application programs that are 
shared by multiple users. The lan- 
guage combines with the crr and 
floppy disc processor to create a small 
business system. 

The single software package from 
MICROBOL, Inc, 711 E Semoran Blvd, 
Suite 118, Altamonte Springs, FL 
32701 contains the operating system, 
language processor, and disc facility. 
Data fields may be defined and re- 
defined. Language statements are 
compiled incrementally and executed 
interpretively. The software permits 
individual and vectored transfer of 
program control, indexing, nested 
subroutines and subroutine return 
stack control, and overlapped 1/o 
operations via program control. It 
also provides argument (operand) 
substitution, automatic decimal point 
control, numeric field editing, and a 
simplified uniform indexed disc file 
facility for direct access of data rec- 
ords by key. Circle 435 on Inquiry Card [1] 
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Quality and performance have 


made Zenith the standard of the 
home electronics industry for 
sixty years. And our track record 
continues. Not only is Zenith the 
leading producer of color TV 
receivers but our black and white 
sets have led the market for 
twenty years. 

And now the same commit- 
ment to quality, reliability and 
technical innovation that has 
earned our leadership position in 
television, is available to you in our 
CRT displays. We proudly intro- 
duce the Zenith D-12 12-inch 
diagonal CRT display. 
ADVANCED COMPONENTRY — 

LONG TERM RELIABILITY. 
Zenith’s engineering expertise and 
production experience combine to 
give you the kind of reliability 
you need. 

Reserve Capacity. Compo- 
nents in the CRT display are 
designed with reserve capacity for 
low maintenance and continued 
reliability. 

Special Deflection 
Transformer. The Zenith CRT 
display is equipped with a Zenith 
designed and built deflection 
transformer. It not only gives a 


consistent scan, but it is also 
imbedded in epoxy for long-term 
reliability and the elimination of 
audible high frequency squeal. 

Fewer Controls. The Zenith 
CRT display is precision engi- 
neered. No linearity controls are 
required and the CRT display’s 
vertical and horizontal synchroni- 
zation is automatic. 

The Zenith Adjustable Frame. 
Zenith engineering has already 
solved what can be a big hassle. 
With our adjustable frame, we can 
mount the CRT at virtually any 
angle you want, without having to 
have a frame custom-made. 

These are just a few of the 
many value plusses you'll find ina 
Zenith CRT display. 
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ZENITH ENGINEERS 
WORK WITH YOU. 
Zenith believes in application 
engineering. We’re willing to make 
your problem our problem, and 
put our engineering and tech- 
nical resources to work on it. 
We'll even align our CRT 
.. display to your specs. 
NO ORDER TOO BIG 
OR TOO SMALL. 

Rest assured that no matter 
how large or how small your CRT 
display order, you will be accom- 
modated in the Zenith tradition. A 
tradition that begins with a promise 
of on-time delivery. A tradition that 
has provided care and quality to 
our customers for over half a 
century. 

This is just the start of some- 
thing good. The 12-inch D-12 CRT 
display is only the first in a series 
from Zenith. Talk to us about your 
requirements for other screen 
sizes as well. 

For further information and 
specifications, write CRT Display 
Engineering Division, Zenith Radio 
Corporation, 1000 Milwaukee 
Avenue, Glenview, Illinois 60025. 
Or call 312-773-0074. 


The quality goes in before the name goes on® 
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Robert Koppel 


Intersil Incorporated,* Memory Systems Division, 
Cupertino, California 


ad eliability of large memory systems relates directly to 
the reliability of individual random-access memory semi- 
conductor devices making up that system. System reliabil- 
ity can be predicted from a statistical study of failure 
modes in individual devices, and can be increased through 
use of low cost error correction techniques (to be covered 
in March). 

There are two basic types of memory error, as indicated 
in Table 1. Both are drift-related and are highly sensitive 


to temperature. First, there are the “hard errors’—perma- 
nent errors relating to power shorts, open leads, or other 
intrinsic flaws. These are permanent physical defects in 
the memory structure. In contrast are “soft errors”— 
random, nonrecurring single-bit errors, that are essentially 


°Mr. Koppel is currently employed at Nitron Corp, Cupertino, 


Calif. 


TABLE 1 
Summary of Memory Errors in 16k RAMs 


Error Type 


Hard (permanent 
failure) 


Soft (non-repeating) 
Traditional 


Alpha- 
radiation 


Source 


Catastrophic 
RAM failure 


Catastrophic 
IC failure 


System noise 
Pattern sensitivity 
Temperature sensi- 
tivity 

Trace of uranium 
and thorium in 
package material 


Rango of 

Failures/10® h Source of Data 

0.03 to 0.1 Field experience and 
accelerated temperature 
testing 

0.01 to 0.075 Field experience 


0.1 to 1.0 during 
infant mortality 
0.04 to 0.3 after 
Infant mortality 


0.001 to 0.1 


Manufacturing test 
and field experience 


Manufacturing test and 
field experience 


noiselike, and not associated with any physical defect. In 
the present state of technology, hard errors are the less 
troublesome of the two. Hard failure rate experienced 
with several industry standard 16k RAMs appears to be 
approaching about 0.03 failures/10® h (at 70 °C). 

Referring to Table 1, it can be seen that soft errors 
come in two varieties. On the one hand are the traditional 
errors caused by system noise, pattern sensitivity, or tem- 
perature sensitivity. On the other, there are alpha-radiation 
errors—errors resulting from trace quantities of radioactive 
uranium or thorium in package materials. The ionizing 
alpha particles generate electron-hole pairs in the semi- 
conductor material, leading to random shifts between 1 
and 0 charge states in bit locations. 


Soft Errors 


“Traditional” soft error rates result from a combination 
of noise, data pattern, and temperature effects that push 
the RAM beyond its normal operating range. Reduction 
of these errors requirés that substantial guard bands be 
provided during RAM: ‘testing on such key parameters as 
supply voltages, refresh timing, and operating temperature. 
In addition, pc boards must be designed to minimize noise. 
This includes the use of multilayer boards with internal 
power and ground planes, along with tight layout of the 
storage array and drivers to minimize the inductance of 
current carrying traces. It also includes proper decoupling 
of RAM supply voltages at the RAM components with high 
frequency capacitors. 

Inevitably, a small number of marginal RAMs will pass 
component test and be mounted on the memory board. 
Resulting “infant mortality” defects are weeded out during 
manufacturing test by imposing wide guard bands at the 
card level. The subsequent soft error rate appears to ap- 
proach 0.1 failures/10° h, which is roughly three times 
the hard error rate. 

As cell sizes have diminished to accommodate ever- 
increasing densities, another source of errors, the alpha- 
radiation mechanism, has been identified. Errors induced 
by alpha particles vary widely, and are highly dependent 
upon package material and storage cell design; ie, large 
storage nodes are less sensitive than small ones. From this 
it follows that many of the ram chips that have recently 
undergone , “shrink” redesigns will have an increased 
susceptibility to alpha-particle effects. 


The industry has limited experience in dealing with 
errors induced by alpha particles, because chip designs 
up to now have been insensitive to this effect compared 
to the effects of traditional soft errors. However, experi- 
ence indicates that, for conservatively designed 16k RAMs, 
alpha-particle failure rates are an order of magnitude 
lower than those of traditional soft errors. Therefore, 
traditional soft errors will predominate at roughly 3X the 
hard error rate and 10X the alpha-particle rate unless 
special care is taken to reduce them at the RAM and board 
test levels. 


Memory Failure Data 


Field reliability data on over 2G bytes of Mos memory 
devices, installed and operated over several years in add- 
on and add-in systems in mainframe applications, have 
been compiled. Through collection of fault data on cards 
returned for repair, component failure rates have been 
determined accurately, reflecting the actual environment 
in which those components are required to perform. These 
failure rates are in most cases similar to or lower than 
those listed in MiL-HDBK-217B for ground environment 
and screened parts.1 

Field data on 16k rams is limited, because of their 
relatively short history in operating systems. However, 
data that are available suggest that 16k ram failure rates 
are rapidly decreasing (see Fig 1) indicating an industry 
trend. Of primary interest in the figure is the curve 
indicating that the rate of decrease for 16k RAMs has been 
consistently greater than that of 4k RAMs at corresponding 
points in time. This suggests a high probability that 0.2 
failures/10® h will be reached by mid-1979. To reflect 
present conditions, a value of 0.3 failures/10® h will be 
used in making mean time between failure (MTBF) predic- 
tions for 16k rams. This reflects conservative application 
of Table 1 values, using the higher ends of the probability 
ranges, 


Memory System Reliability 

As previously stated, traditional soft errors will usually 
dominate in memory systems employing today’s popular 
RAM sizes (4k, 8k, and 16k bits). For a well designed 
system, the overall ram failure rate will lie in the 0.1- to 
0.3-failures/10®-h range. 


TABLE 2 mi 
MTBF of 64k x 16 Memory System 


Component Failures/108 h 
IC 0.050 
Ceramic capacitor 0.014 
Tantalum capacitor 0.02 
Resistor 0.001 

PC Board 0.50 
Delay line 0.008 
16k RAM 0.30 


Total Nonstorage 
Total Storage 
Total As 

MTBF 


Device Total 
Quantity Failures/106 h 
50 2.50 
64 0.640 
10 0.20 
40 0.040 
1 0.50 
1 0.008 
64 19.2 
4.248 
19.2 
23.45 failures/10® h 
42.600 h 


FAILURE RATE, FAILURES/ 10° h 


Seely 


1970 71 72 73 74 75 76 77 78 79 80 


Fig 1 RAM failures vs time. RAMs of 
greater capacity, introduced at later 
dates, lag behind those of lower ca- 
pacity in reliability. However, failure rate 
for larger RAMs drops more steeply, re- 
flecting industry trend 


TIME 


Fig 2 Failure rate as function of 
age. Infant mortality and wearout 
conditions involve greater failure 
rates. Probability calculations uti- 
lizing exponential reliability equa- 
tion are based on steady state con- 
dition during “useful life’ 


Soft errors are due to a combination of the following 
effects: data pattern sensitivity, refresh margin (tempera- 
ture sensitivity), aging due to thermal cycling, insufficient 
power supply margins, and insufficient system noise 
margins. Although these effects can be virtually eliminated 

through careful design, there is a hazard in going too far. 
’ An attempt to eliminate soft errors entirely may place such 
severe requirements on component, power supply, tem- 
perature, and layout density margins that the system may 
not be economically feasible. Rather than incurring these 
penalties of over-design, it is better to design a system 
with reasonable margins, which can tolerate occasional 
soft errors. 

One technique that is commonly used to accommodate 
occasional soft errors is the use of an extra parity bit per 
word. Data are written into the parity bit to make the total 
number of ones in the word even (or odd). Thus a single 
bit error during a read access will be flagged by the 
parity detector. This signal will initiate a reaccess of the 
same word, one or more times, which will usually clear 
the problem. A few applications can permit large soft error 
rates, while many more systems can tolerate soft errors 
through the use of parity checking and reaccessing. When 
these methods prove inadequate, error checking and cor- 
rection (ECc)—to be discussed in March issue—will usually 
solve the problem. 
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System MTBF Projections 

Reliability requirements that are normally imposed on 
semiconductor memory systems necessitate a prediction of 
MTBF, MTBF is symbolized as M in the reliability equation: 


R(t) = e* = et™ 


where 

R(t) = Reliability = Probability of successful operation 
over a time, t, throughout the useful life of the 
product: 

pN = Chance failure rate of the system (assumed to 
be constant throughout useful life and usually 
expressed in failures per 10% h). 

Then 


M = 1/A = MTBF (usually expressed in hours ) 


The term “useful life” is defined as the time after infant 
mortality failures have been weeded out and before wear- 
out mechanisms begin to come into play (see Fig 2). 

As a direct consequence of the reliability equation, the 
cumulative probability of error-free operation is 63% 
after a time period equal to mrsr. Furthermore, a 90% 
probability of error-free operation occurs after a time 
period approximately equal to one-tenth of the MTBF. 
These values should be taken into account in estimating 
the predicted reliability of a given design. 

Table 2 lists components: utilized in a single card 64k 
x 16 memory system, including the quantity of each. Also 
listed is the failure rate, d» for each component, based 
on field data. Since it is assumed (worst case) that a 
failure in any component will cause a system failure, the 
overall system failure rate, ,, is the sum of the component 
failure rates, each weighted by quantity used. The system 
failure rate of 23.45 failures/10® h, resulting in a system 
MTBF of 42,600 h for the single card 64k x 16 system is 
totally dominated by nam failures. In this calculation, no 
distinction is made between the device failure modes; the 
only consideration is that device failures result in system 
failures that occur during the useful life period (after 
infant mortality) and are characterized by the component 
failure rates in Table 2. 

If the mMrBr prediction of 42,600 h meets the system 
requirement, all that remains is to build several systems 
and to demonstrate that, indeed, no more than 23 failures 
occur for each 10 h of operation at the maximum specified 
temperature. (A procedure for reliability demonstration 
is available; see Ref 2.) 

If the requirement for memory capacity should increase 
so that additional identical memory boards are required 
in the system, the system failure rate will be the sum of 
the ys for each card. Hence a 4-card system (256k x 16) 
would have a failure rate of 93.8 failures/10®° h or an 
MTBF of 10,650 h: 


Summary 


Reliability of a random-access memory is a function of 
several variables: number of elements in the memory, 
failure rate per element, density of the RAM, and op- 
erating parameters such as temperature and voltage. 
Statistical techniques enable us to predict these reliabilities 
as a function of the relevant variables. In the second part 
of this discussion, to be published in March, this de- 
scriptive approach to RAM reliability will be extended 
into error correction techniques and the consequent im- 
provements that are practically attainable in memory 


reliability. 
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C-R-T, C-R-T, alpha-numericky, 
ASCII-key, multi-key, programmability, 
linkity, blankety video-bility, ; 
Up-dovwn-lelt-right cursing, absolute addressing, 
Insert string, delete string, erase and back-tabhing, 
Editing, 
Editing, 
C-RT editing ... 


No bones about it. 


What you need now is some straight talk 
about Smart Editing CRT Terminals. 


Selecting the right CRT for your system isn’t easy. You're trying to find a fully capable 
Editing Terminal in a CRT marketplace that’s crowded with a dizzying array of contenders 
at prices ranging all the way from a few hundred dollars to several thousands. 


You'll be glad to know that for $1500 or less, you can buy all the performance, 
reliability and support you need in a Smart Editing Terminal from at least four 
manufacturers — ADDS, Beehive, LSI, and EECO, of course. That's the 
conclusion of a comprehensive, straightforward report that frankly 
compares your alternatives model by model, spec for spec. 

Get it straight — write for your free copy of “Choosing the right 
Smart Editing Terminal from the crowd of CRT’s” today. 


EEGCO editor - 


EECO, 1441 East Chestnut Avenue, Santa Ana, CA 92701 « (714) 835-6000 
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AROUND THE ic LOOP 


Memory Family Expansion Adds 16k Military 
Version and 32k Low Power Dissipation EPROMs 


Meeting the speed requirements of 
microprocessors now in production, a 
32k-bit ultraviolet erasable and elec- 
trically programmable read-only mem- 
ory has been added to an exist- 
ing fourth generation family of 
high density devices. Organized as 4k 
x 8, the 2732 Eprom provides a 3- 
state output for direct bus. interface. 
The manufacturer, Intel Corp, 3065 
Bowers Ave, Santa Clara, ca 95051, 
has also introduced the M2716, a 
military version of the existing 16k- 
bit 2716 EPROM, capable of operat- 
ing over an extended temperature 
range of —55 to 100 °C. Both of 
these fully static devices, each op- 
erating from a single 5-V power 
supply, are pin compatible with one 
another, as well as with 2332 and 
2364 Ros, 


32k-Bit EPROM 


Having a typical supply current of 
85. mA (active operation) and 15 
mA during standby, the 32k-bit mem- 
ory is claimed to be the lowest 
power/bit EPROM on the market 
(Maximum supply currents are speci- 
fied at 150 mA in active operation 
and 30 mA in standby.) Chip enable 
control (GE) serves as the primary 
devicé selecting function. When re- 
ceiving a TrL high input signal it 
allows the deselected memory to 
enter the reduced-power standby 
mode. 

With separate output-enable (o£) 
control, bus contention in multiple 
microprocessor systems is eliminated. 
The microcomputer determines the 
time during which data must be 
presented on the bus and then re- 
leases the bus by way of the output- 


enable line, for use by other devices 
such as memories or peripherals. In 
other words, with 2-line control, the 
microprocessor is always in control 
of the system, rather than passing 
this control to a particular memory 
device and waiting for data to be- 
come available. Because EPROMS are 
commonly used in larger memory 
arrays, this 2-line control ensures 
that system bus contention will not 
occur. Selection by CE and common 
connection to all memory units in 
the array (and direct connection to 
the microprocessor) by way of OF 
assures that each memory device is 
active only when data are desired 
from that particular device. 

Other features of the 32k-bit mem- 
ory inelude a 450-ns max access 
time, 5% power supply tolerance, 
and:erasufe when exposed to light of 
wavelengths shorter than approximate- 
ly 4000 A. Permissible temperature 
range is from —10 to 80 °C under 
bias and from —65 to 125 °C in 
stofage. 

Single-pulse/single-location pro- 
gramming is possible, with rrx levels 
required for the address and data in- 
puts, When address and data are 
stable, a single 50-ms active-low TrL 
program pulse is applied to the ad- 
dress location to be programmed. 
Users can program any location at any 
time, either individually, sequentially, 
or at random. 
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Military Standard | 6k-Bit EPROM 


The 16k device has a static power- 
down mode that reduces active power 
dissipation by over 60% without in- 


DATA OUTPUTS 
O9-07 


voc o———+ 
GND o———+ 
Vpp 0o——+ 


OE —+ 
&& — 


A0-A11 
ADDRESS 
INPUTS 


OUTPUT BUFFERS 


| ycating | | ycating | 


32,768-BIT 
CELL MATRIX 


Block diagram of Intel 
Corp’s 2732 32k-bit EPROM. 
Dual control lines, output 
enable (OE) and chip en- 
able (CE), eliminate bus 
contention. Standby mode, 
initiated by TTL high signal 
at CE input, reduces active 
power current by 80% from 
150 to 30 mA, with outputs 
in high impedance state, 
independent of OE input 
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creasing access time. It also features 
single address location programming 
that allows all 16,384 bits to be pro- 
grammed in only 100 s. Because TTL 
level control signals are used, all 
programming can be done onboard, 
in the system, in the field, Other fea- 
tures include a 450-ns max address 
time and a +10% supply tolerance. 
Absolute maximum ratings for both 
EPROMS require that all input and 
output voltages with respect to ground 
lie between 6 and —-0.3 V. 
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Synchronous Serial Data 
Adapter Interfaces 
$6800 Bus Systems 


$6852, a synchronous serial data 
adapter containing logic for simul- 
taneous transmission and reception in 
bus organized systems, provides a bi- 
directional serial interface for com- 
munications between systems using 
the $6800-type data bus structure. 
Produced by American Microsystems, 
Inc, 3800 Homestead Rd, Santa 
Clara, cA 95051, the device finds its 
typical applications in floppy disc 
controllers, cassette or cartridge tape 
controllers, data communications ter- 
minals, and numerical control systems. 

The data adapter provides the logic 
for transmitting and receiving stan- 
dard synchronous characters of 7- to 
9-bit length. It includes capabilities 
for select, enable, read/write, and in- 
terrupt to allow data transfer using 
the S6800 or 6500 8-bit bidirectional 
data bus at rates as high as 600k 
bits/s. Parallel data are transmitted 
serially with automatic synchroniza- 
tion, fill-character insertion/deletion, 
and error checking. 

Functional configuration of the de- 
vice is programmed via the data bus 
during system initialization. At the 
bus interface, the adapter appears as 
two addressable memory locations. 
Internally there are seven registers: 
two. read-only and five write-only 
registers. The read-only registers are 
Status and Receive Data; the write- 
only registers are Control 1, Control 
2, Control 3, Syne Code, and Trans- 
mit Data. These programmable regis- 
ters provide for variable word length, 
transmit, receive, synchronization, 
and interrupt control. The serial in- 
terface consists of serial 1/o lines with 
independent clocks and four periph- 
eral/modem control lines. 


(Continued on p 154) 


_ Panasonic electrosensitive 
—— SS alphanumeric printers. 


site a 
<a & “> 


“ee 


When you’re this small, 
you don’t have to 
make a lot of noise 
about your low price. 


Print in silence and print at low cost with our electro- 
sensitive alphanumeric-plus printer Model EUY-10E. 

Naturally, you'll like the price. But that’s not the 
major benefit. 

It isn’t even the fact that the package is small 
5 (4.33"Lx3.5”Wx1.5"H). That makes it great in tight 

\.. applications like POS cash registers, electronic cal- 
» culators, data loggers, home computers and general 
.peripherals—anywhere, in fact, where inexpensive 
ard copy is required. 
'\The real achievement was to pack so much 
tharacter-forming flexibility in that tiny space. We did 
, with a 5x7-dot matrix that prints up to 128 different 
§ characters or symbols (including a full ASCII character 
set) on either 15, 21, 32 or 40 characters per line at just 
530 msec per line with legibility that’s sharp and clear. 

There are two versions to choose from, each with 
reliability designed-in by eliminating all moving parts 
except the print head and the paper. 

To make it easier for you to get rid of noise, bulk 
and big price tags, we’ve also made the EUY-10E easy 
to talk to. For quick microprocessor compatibility, 
we supply a 4-bit 1-chip microcomputer on a pre- 

rogrammed plug-in board that meets a variety of 
nterfacing requirements, including that 128-strong 
variety of character formations. 

For specifics on how beautiful small can be, write 
for information and prices to: Panasonic Electronic 
Components, One Panasonic Way, Secaucus, 

, NJ 07094; or call (201) 348-7282/7289 


Optional Interface Board 


Panasonic. 


just slightly ahead of our time 
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AROUND THE IC LOOP 


ENABLE 
READMARITE 


CHIPSELECT ADDRESS 
LoGic 


REGISTER SELECT a 


STATUS 
REGISTER 


DATA 
BUS 
BUFFERS 


oe 
oe 
1 


RECEIVE 
DATA FIFO 


REGISTER 
(3 BYTES) 
“1 
Vp = PIN 12 


Vg = PINT 


TRANSMIT CLOCK 4 


PARITY 
GENERATOR 
TRANSMIT 


DATA FIFO | AJ transmitter 


SHIFT 
REGISTER 


oe 
AEGISTER 


COMPARATOR 


mere 
“i PARITY 


Wie oA 
RECEIVE 
DATA 


TRANSMIT 
DATA 


TRANSMITTER 
UNDERFLOW 


INTERRUPT 
INTERRUPT 
ae REQUEST 


RECEIVE 
CLOCK 


SYNC 
MATCH/ 

DATA TERMINAL 
READY 


Synchronous serial data adapter, S6852 from American Microsystems provides bidirectional interfacing on bus line. 
Seven registers, each defined as read-only or write-only according to direction of information flow, can be ac- 
cessed by means of bus. Register select input (RS) selects two registers in each state, one read-only and one write- 
only. Read/write (R/W) input defines which of these will be accessed. Four registers (two read-only and two write- 
Only) can be addressed via bus at any particular time 


Additional features include three 


and 70 °C for operation and between 


and parity status. Absolute maximum 
ratings require that supply and input 
voltages lie between —0.3 and 7.0 V. 
Temperature must stay between 0 


—55 and 150 °C for storage. The 
units are housed in either plastic or 
ceramic 24-pin pies. 
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bytes of r1Fo buffering on both trans- 
mit and receive; optional even and 
odd parity; and overrun, overflow, 


Fuse Technique Produces 
High Performance 
4k-Bit P/ROMs 


A 55-ns max commercial range ac- 
cess time is provided by a 4k-bit 
user programmable read-only memory, 
organized as 1024 x 4, and available 
in both open collector (Am27S32) 
and 3-state (Am27S33) output ver- 
sions. For parts meeting military tem- 
perature extremes, max access time 
is 70 ns. 

Fabricated by a proprietary plati- 
num-silicide fuse technology, all of 
these devices from Advanced Micro 
Devices Inc, 901 Thompson Pl, Sun- 
nyvale, cA 94086 are produced with 
a fusible link at each memory loca- 
tion storing a logic low and can be 
selectively programmed to a logic 
high by applying appropriate volt- 
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COLUMN TEST RAIL 


64 x 64 
FUSE ARRAY 


TEST WORD 0 


TEST WORD 1 
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High speed electrically pro- 
grammable Schottky read- 
only memory, Am27S32(3), 
from Advanced Micro De- 
vices. After programming, 
stored information is read 
on output O0-O3 by apply- 
ing unique binary addresses 
to AO-A9 and holding chip 
select inputs CS1 and CS2 
low. If either chip select 
input goes to logic high, 
00-03 goes to off or high 
impedance state 


For 21 years we’ve 
uietly built Switchers. 


Now it’s time to let 
the World in on it. 


Back in 1958, Pioneer Magnetics built its first switch- SINGLE OUTPUT SUPPLIES 


ing power supply. We've been quietly pioneering the celecent: | ee 
i i i i i ourpuT | OUTPUT TPUT =| OUTPUT 

design of switching supplies ever since. Facial Nea fe ils 
Today we offer the system designer a complete fam- ™ 
ily of standard models providing output voltages oe 
ranging from 2 to 48 VDC with output power to pa 
2000 Watts. Single and multiple output configura- " 
tions with a wide range of options are available. ‘ " 2 2 

Lea aR = 

rae ee ed 


FEATURES: 


A.C. Input: 92 to 138 or 184 to 250V single phase 47 to 63 Hz. 
D.C. Input: 24, 48, 120 or. 240 VDC standard. 
Brownoutproof: Supplies ignore most line variations and con- 
tinue to supply specified regulated outputs at full load if in- 
put voltage drops as low as 80 or 140 VAC. 

Total Error Band: Output deviations will not exceed +2% due 
to line changes, static and dynamic load changes, ripple and 
noise spikes, temperature variations and drift. 

Power Loss Holdup: Output will remain within regulation 30 
msec after loss of AC input at full load and nominal line. 


AC INPUT MODEL 
DC INPUT MODEL 


2,3, 5, 12, 18, 18, 21, 24, 28, 48 
fusrowennare [ww [om [wow [om 
fomnvonee [= [~]»]=[] 
eae 
mre [owmrvernoe [ew | |~]=[m]= 
ree Le | cee 


roam [omrvance [| [~[=]=[~]o 
fevmramewrae [»[~[+]+[+[> [> 
(INCHES) 


BxBn 11K 
(CENTIMETERS) 12.7 x 20.3 x 29.8 (see note 2) 


WEIGHT (POUNDS) bd 
(KILOGRAMS) 


SIZE 


Safety Standards: Standard models are recognized to UL478. 1iSusicsil eae guniaer an gh sr oat" oni sce cere MR SETTER 
e iongar 
The Pioneers in Switching Supplies agnaticy 


Pioneer Magnetics, Inc. « 1745 Berkeley Street, Santa Monica, California 90404 e Telephone: 213/829-6751 e¢ TWX 910-343-6249 
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URPRISE! 


Learn the latest in: Fiber Optics! 
Optocoupler CTR Degradation! Optical Scanning! 
Back Lighting! And much, much more. 


Here’ a key seminar for engineers 
on optoelectronic applications. You'll 
learn in one day, knowledge that 
took years of research to develop. Be 
part of the group that will share, 
first-hand, the techniques leading to 
the solution of optoelectronic 

design problems. 


COURSE DESCRIPTIONS: 
Fiber Optics 


From the fundamental basics of theory to advanced 
applications of fiber optic technology, the seminar 
attendee will be shown detailed schematics and learn 
point-by-point the methods of lightwave communi- 
cations and data transmission systems. 


Optocouplers 


Fiber optics is one form of digital transmission. 
A detailed discussion on optocouplers for digital 
transmission will expand the designer's realm of 
possible choices in system implementations. 


CTR Degradation 


Of special interest to experienced designers is 
HP's treatment of CTR degradation, a controversial 
and frequently misunderstood subject among 
users of optocouplers. Intensive research has been 
undertaken by Hewlett-Packard in the past two 
years to compile a detailed report about CTR 
degradation. Hewlett-Packard will now share this 
same information with you in the seminar. 


Optical Scanning 

The discussion on optical scanning and encoding 
systems will cover theory and techniques. Appli- 
cations of this technology are: computerized 
checkpoints, inventory control, computer and micro 
peripherals. 


Contrast Enhancement 


LED displays can now be viewed in direct incident 
sunlight. This technology has recently been refined, 
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complementing LED display products available in 
the marketplace. Learn the implementations of such 
a display based on designs incorporating the con- 
cepts of both luminance and chrominance contrast. 


Backlighting 


Solid state LED products are now available for 
use in backlighting applications. What are the 
illumination requirements for backlighting? How 
can light bar modules be used? What are some 
design considerations? These questions are answered 
in the discussion of backlighting. Applications 
of this technology include illuminating legends, 
indicators, bar graphs, and lighted switches. 


Alphanumeric Display Systems 


Over the past two years, the need for alphanumeric 
displays has grown rapidly due to the extensive use 
of microprocessors in new system designs. The 
presence of the microprocessor in such systems sub- 
stantially simplifies the traditionally difficult task of 
designing an alphanumeric display into a system. 
Learn how an alphanumeric microprocessor-based 
display support unit may act as an interface between 
a keyboard, a display, and a host processor. Basic 
interface concepts as well as applications of smart 
interfaces will be discussed as the concluding seminar 
topic. 


You will receive all of this valuable optoelectronic 
instruction by attending one of the scheduled 
seminars. You will also receive a hardbound copy of 
the McGraw-Hill published Hewlett-Packard Opto- 
electronics Applications Manual (retails at $22.50), 
plus an additional 100 page addendum specifically 
prepared for this seminar. The Manual and 
Addendum will serve as reference material for your 
use after the seminar. 

The six authors, who are also the Hewlett-Packard 
Applications Engineers, will be the instructors. 
Each seminar will be conducted by two of the 
Applications Engineers. Over 200 35-mm color slides 
will be used to present the material. A follow-along 
detailed outline of the seminar talks will be avail- 
able. The authoritative presentations should give you 
a good understanding of optoelectronics today. 

This is a one-day seminar (8:30-5:00 p.m.) and lunch 
will be included. 


COMPUTER DESIGN/FEBRUARY 1979 


HP's New Fiber Optic/ 
Optoelectronic. Applications 


Seminar Is coming! 


e MARCH 26, 1979: Palo Alto, CA e MARCH 28, 1979: Portland ( Wilsonville), OR 
e MARCH 27. 1979: Concord, CA e MARCH 29, 1979: Seattle (Bellevue), WA 


OTHER LOCATIONS WORLDWIDE 


APRIL: Sweden, Finland, Norway, Denmark, Germany, Austria, Switzerland, Italy, Spain, 
Netherlands, Belgium, France, United Kingdom 

MAY: Colorado, Canada, Illinois, Indiana 

JUNE: Ohio, Michigan, Minnesota, Missouri, Kansas, Texas, North Carolina, Florida 


SEPTEMBER: New York, Connecticut, Maryland, Washington D.C., New Jersey, Pennsylvania, 
New Hampshire, Maine, Arizona, Southern California 


OCTOBER: _ Singapore, Australia, New Zealand, Israel 
NOVEMBER: Brazil 


e Fee —The total fee for attending the seminar is $125. Full payment must be 
made in advance by check, money order. or purchase order. The fee 
includes the cost of both the HP Optoelectronics Manual and Addendum, 
all handout materials, lunch and coffee breaks. 


e Eee nee meant Soaring local overnight accommodations HE WLETT VW) PA CKARD 


e Schedule — This is a one-day seminar with scheduled hours from 8:30 a.m. 
to 5:00 p.m. with a luncheon break from 12:00 p.m. to 1:30 p.m. One 
break each is scheduled in the morning and in the afternoon. 
e Cancellations, Substitutions — Cancellations made less than two (2) weeks 1507 Page Mill Road, Palo Alto, California 94304 
before a session date are subject to the entire seminar fee. Transfers : . 
or substitutions may be made at any time. 


ee ee ee eee eee eee eee ee 


1 > | Yy i, 9 COMPLETE THIS REGISTRATION CARD AND RETURN IT TO: A 
L en Vi HEWLETT-PACKARD IN EUROPE: HEWLETT-PACKARD GMBH 
Neely Sales Regi Components Marketing E' 
| K 4 4 4 @ = 3003 Scott Blvd. Postfach 430 | 
( Santa Clara, CA 95050 D-7030 Boeblingen, Germany i 
1. Please register me for the following Fiber Optic/Optoelectronic Applications Seminar: ; 
| O MARCH 26, 1979: Rickey’ Hyatt House NAME 
| 4219 El Camino Real, Palo Alto, CA 94306 | 
CO MARCH 27, 1979: Sheraton Inn Airport BOLEANY, 
| 45 John Glenn Dr., Concord, CA 94524 l 
CO MARCH 28, 1979: Holiday Inn South ADDRESS 
i 25425 SW Boones Ferry Rd., Portland (Wilsonville), | 
OR 97070 a i 
H © MARCH 29, 1979: Greenwood Inn 
i 625 116th N.E., Seattle (Bellevue), WA 98004 TELEPHONE 2IP | 
2. Enclosedismy [J]PURCHASEORDER [LJ MONEYORDER U) CHECK for $125 made payable to: j 
I HEWLETT-PACKARD— SEMINAR, 1979 
| 3. C1 Please send me additional information on future seminars in my area. 01904 i 
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"INDUSTRIAL BN sean ie ie 
TOOL 


$49° 


‘BATTERIES NOT INCLUDED 
BIT & SLEEVE NOT INCLUDED 


MODEL BW928 


@ BATTERY OPERATED @ BACKFORCE OPTIONAL 
(2) Standard "C” Ni Cad Batteries (not included) Model BW928-BF $52.95 

@ INTERCHANGEABLE BITS & SLEEVES @ POSITIVE INDEXING 
inet Incutiag) @ LEIGHT WEIGHT 

@ REVERSIBLE ROTATION *LEXAN.” Housing 


For unwrapping, reverse batteries 


*LEXAN |’ GENERAL ELECTRIC 


ClO OK MACHINE & TOOL CORPORATION 
3455 Conner St., Bronx, N.Y. 10475 ¢ (212) 994-6600 ¢ TELEX 125091 
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ages to the circuit. Utilizing easily 
implemented programming and com- 
mon personality card sets), these 
products can be rapidly programmed 
to any customized pattern. Extra test 
words are preprogrammed during 
manufacture to insure extremely high 
field programming yields, and to pro- 
duce excellent parametric correlation. 

All devices in this family, which 
include 256-, 1024-, 2048-, and 4096- 
bit parts, use the same circuit design, 
creating a generic series that can be 
programmed with a single personality 
card set. Fully compensated for both 
voltage and temperature, these cir- 
cuits provide flat ac performance over 
the military as well as the commercial 
temperature and _ supply voltage 
ranges. Additionally, selective feed- 
back techniques have been incorpor- 


CMOS A-D Converters 
Provide High Linearity 
With 3-State Outputs 


Monolithic cmos technology, 3-state 
outputs, and accuracy to 12 bits char- 
acterize the Apc-ET series of analog- 
to-digital converters, provided by 
Datel Systems, Inc (1020 Turnpike 
St, Canton, MA 02021). Operating 
from a +5-Vde supply with 5-mA 
max current drain, the devices fea- 


ated in the design of the devices to 
minimize the propagation delay 
through critical paths, resulting in 
fast access times—claimed by _ the 
manufacturer to be the industry’s fast- 
est of its kind in a 1k x 4-bit con- 
figuration. 

The P/RoMs are processed using 
the company’s proprietary low power 
Schottky technology. Three-micron 
(3 x 10%-m) thick epitaxial layers 
are combined with washed emitters, 
composite masking, dual-layer metal- 
ization, and barrier metal Schottky 
diodes. Available in 18-pin packages, 
and thereby offering pin-for-pin re- 
placement capability for industry 
standard products, these parts under- 
go 100% processing to the require- 
ments of MuL-sTp-883, ; 
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are 1.8, 
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ture a typical linearity of 
Maximum conversion times 
6.0, and 24 ms for the 8-, 
12-bit models, respectively. 

An apc of this series employs an 
operational integrator, comparator, 
cMos switch, clock, two counters, 
latching output buffers, and digital 
control circuitry on the single silicon 
chip. Externally, the units require a 
voltage reference, two metal film re- 
sistors, and several compensation 
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SYSTEMS DESIGN 
ENGINEERS 


Join Intel, a great place to work. 
In Oregon, a great place to live. 


It’s the kind of opportunity that comes along once 
in a decade. A career with Intel, the acknowl- 
edged worldwide leader in microcomputer , 
systems technology. In Oregon, where 
you'll work “‘out in the country” yet be 
just minutes from downtown Portland. 
And, you'll enjoy elbow-room, clean 
air, clean water, great schools and 
top-notch community services. 


Peripheral & Instrumentation Engineering 
Several highly visible opportunities for top-notch engineers 
exist in our peripherals and instrumentation development 
groups. You’ll utilize Intel’s LS! technology to design state- 
of-the-art computer peripheral subsystems or microprocessor 
instrumentation. Specific openings include engineering 
project leaders and design engineers in the following areas: 


In-Circuit Emulation 
1/0 Channel and Interface 
Magnetic Storage Controllers 
Printer Controllers 


Commercial Systems Division 

Intel's Commercial Systems Division has become the leading 
supplier of OEM and add-on memory and microprocessor 
systems. And new product designs and developments have 
opened up substantial business opportunities. We need 
talented, innovative people in the following areas to help us 
meet our new business demands: 


Senior Hardware Design Engineers 
Software Development Engineers 
Technical Writers 


Career positions are now available for some talented 
ople who want the challenge of helping Intel 
“make it happen in 1979.” If you believe 
you’ re that kind of person, have some 
definite career goals in mind, and 

. think you can play a key role in 
helping us develop, market or sup- 
port our expanding product lines, 
we'd like to hear from you. 


OEM Microcomputer Systems Group 
“EXTRAORDINARY!” That's the only way to describe the 
success of our OEM Microcomputer Systems Group, the 
world’s leading producer of microcomputer-based products 
for the OEM market. The continuing record-breaking demand 
for our single-board computers, computer systems, real-time 
operating systems and supporting software has created 
these openings: 


Hardware/ Software Development Engineers 
Test/Quality Engineers 
Mechanical Packaging Engineers 
Document Control Supervisor 
Senior Product Engineers 


For immediate consideration, please send your resume to 
Jerry Hukee, Intel Corporation, Dept. 5AS,3585 S.W. 198th 
Avenue, Aloha, Oregon 97005. An equal opportunity 
employer m/f/h. 


intel 
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components for operation. Connec- 
tion and application is simple and 
straightforward. 

The quantized feedback integration 
technique provides noise immunity. 
Inherent monotonicity results in no 
missing codes over the full operating 
temperature range. At the comple- 
tion of a conversion, the binary coded 
result appears in parallel form on 
discretely controlled latched outputs, 
which are cmos, low power TTL, or 
low power Schottky TrL compatible. 
The controllable outputs may be 
switched to a high impedance or off 
state by holding the enable high. 


Accurate, Stable 
Monolithic D-A 
Converters Run Fast 


Settling times as fast as 85 ns (to 
+¥% usp), with +% usp nonlinearity, 
and a gain tempco of +5 ppm/°C 
are provided by monolithic digital- 
to-analog converters. Both a 10-bit 
model (H1-5610) and a 12-bit model 
(1-5612) are produced by Harris 
Semiconductor Products Div, po Box 
883, Melbourne, FL 32901 for high 
performance applications. The manu- 
facturer states that the settling times 
are the fastest available of any com- 
mercially marketed units. 

Since feedback and _ gain-setting 
resistors are included on the mono- 


Other features include a typical 
gain tempco of 25 ppm/°C (exclu- 
sive of external reference), a required 
20-uA input reference current, and 
0- to 10-4A analog input range. The 
devices can also be run in a standby 
mode with output data latched while 
drawing only 200 pA. 

Maximum ratings require that I,, 
and Iprr lie between +10 mA, that 
digital input voltage lie between 
—0.3 and Vpp 0.3 V, and _ that 
Vpp—Vsg be limited to 18 V. Pack- 
age dissipation must not exceed 500 
mW. Devices are provided in 24-pin 
plastic packages for 0 to 70 °C ver- 
sions and in 24-pin ceramic packages 
for the —55 to 125 °C military ver- 
sions. There is also a —25 to 85 °C 
version of the 12-bit unit in a ceramic 
package. 

Circle 354 on Inquiry Card 


lithic chip, the number of components 
and their required board space is 
significantly reduced. Onchip resis- 
tors also afford better temperature 
tracking than offboard components, 
enabling better overall system accur- 
acy to be achieved. 

Typical applications include ma- 
chine tool process controls, micro- 
processor based control systems, pre- 
cision instrumentation, and automatic 
test equipment. The units are built 
to meet mMit-grade applications for 
missile guidance systems, avionics, 
and radar. Generally, the devices are 
compatible with the speed of any 
equipment interfaced to a micropro- 
cessor or a CRT system. 
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12-Bit A-D and D-A 
Converters Offer 
Speed at Low Power 


High speed operation and low power 
consumption are featured in two 12- 
bit converters—one of these being an 
analog-to-digital type, the other dig- 
ital-to-analog. Both devices provide 
low gain tempcos and models speci- 
fied over either commercial or mili- 
tary temperature ranges. 
Manufactured by Analog Devices 
Semiconductor, 829 Woburn St, Wil- 
mington, MA 01887, the 12-bit apc 
is implemented in a design incorpo- 
rating only two 1c chips. The ap574 
features a fast successive approxima- 
tion conversion to +0.01% in 25 ys, 
priced from $34.50 in 100s. The apc 
includes microprocessor interface con- 
trol logic, clock, comparator, succes- 


sive approximation register, 3-state 
output buffers, and 12-bit pac 
(ap565). It interfaces directly to an 
8-, 12-, or 16-bit microprocessor bus. 
Gain tempco is as low as 10 ppm/°C, 
max; power dissipation is typically 
455 mW. 

Model ap574J is guaranteed for +1 
tsp and K and L grades for +% LsB 
linearity over a 0 to 70 °C temper- 
ature range. Similarly, the ap574S is 
guaranteed for +1 uss and the T and 
U grades for +% ~sB over —55 to 
125 °C. Over the full temperature 
range, no more than one bit of miss- 
ing code is guaranteed for the J and 
S grades, while all other models 
guarantee no missing codes. 

Said to be the industry’s first com- 
plete, monolithic 12-bit pac to in- 
clude a buried zener reference, the 
AD565 settles to +0.01% in 200 ns, 
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WHO DOESN’T NEED MONEY? 


Ever heard that old cliche? Unfortunately, the people 
that really need money don’t have the money to secure 
a loan of the type they need, nor do they know where 
to go to get that much needed financing. 


FINDING MONEY — THAT’S OUR BUSINESS 


Wordlwide Finance Exchange have the sources and we 
will share them with you for only pennies each. You can 
finance almost any venture, expand your business, or 
lease now and purchase later for as little as one dollar, 
buy that piece of real estate you’ve had your eye on, or 
just secure financing for whatever you have in mind, 
even that new idea you have. Our sources are proven 
and have the money available now. 


LISTED BELOW ARE JUST A FEW MAJOR FIELDS 
MONEY IS AVAILABLE FOR 


NEED CAPITAL FOR FIRST AND SECOND MORTGAGES, 
SALE LEASE-BACKS, REFINANCING OR JOINT VEN- 
TURES AND PARTNERSHIPS? 


Names and address of over 200 firms that will loan or 
invest in: warehouses, apartments, shopping centers, 
office buildings, recreation facilities, mobile home parks, 
nursing homes, hospitals and agricultural. 


NEED CAPITAL FOR A NEW BUSINESS OR EXPANSION 
OF YOUR PRESENT BUSINESS IN CONSTRUCTION, 
TECHNOLOGY, MOVIES, MANUFACTURING, OIL & GAS 
AND OTHER ENERGY RELATED PROJECTS. 


i) 


Account No 


Name 


Address 


City 
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Worldwide Finance Exchange 
Tulsa, Oklahoma 74101 


Names and addresses of over 300 firms that will loan 
or invest in proposed ventures or present businesses, 
including several that specialize in loans to minorities. 


NEED WORKING CAPITAL FOR EXPANSION OF YOUR 
PRESENT BUSINESS? 


Names and address of over 100 firms that will loan you 
capital on: equipment, inventories, account receivables, 
factoring, time sales contracts, and Redis counting. 


NEED CAPITAL FOR EQUIPMENT, MACHINERY, OFFICE 
FURNITURE, COMPUTERS? 


Names and addresses of 400 firms that will buy your 
equipment for you and lease it to you with the option 
to buy for as little as one dollar at the end of lease term. 


HELPING YOU SECURE FINANCING IS OUR BUSI- 
NESS TOO. 


We'll share our sources with’you for less than 5¢ each. 
Not only will we give you their names, addresses and 
telephone numbers; we'll include the person to contact. 
We will even introduce you personally if you need it. All 
you have to do is fill in the coupon below and mail it 
today, we'll do the rest. Hurry! Our lenders already 
have over 50 billion dollars on their books. 


CLIP AND MAIL TODAY 


N& 1036 


Please send the lists | have indicated: 
0 Leasing — $25.00 0 Venture Capital — $25.00 0 Business expansion — $25.00 
0 Real Estate — $25.00 [ Any 2 — $40.00 [J Any 3 — $52.00 [J All 4 — $60.00 
Enclosed cash, check or money order to cover above, orchargetomy Visa 


Master-Charge 


Expiration date—____.._. 


ey 


Zip code 
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Block diagram shows AD574 analog-to-digital converter from Analog 
Devices incorporating AD565 digital-to-analog converter. Both are 12-bit 
devices. ADC features 3-state output buffer circuitry for direct interface to 
8-, 12-, or 16-bit microprocessor bus. DAC features 30-ns full-scale switch- 
ing time and high stability buried zener reference on chip 


typ, and is priced from $16 in 100s. 
The reference and onchip applica- 
tion resistors are available for ex- 
ternal use and are matched to the 
converter to provide the low gain 
tempcos and minimum full-scale and 
bipolar offset errors. Typical power 
consumption, including the zener 
reference, is 225 mW. Full-scale 
switching time is 30 ns (200-ns typi- 
cal settling time to +0.01%). All 
grades are guaranteed monotonic over 


temperature and are pin compatible 
with industry standard 563 sockets. 
The pac is available in four grades. 
Models ap565J and K are specified 
for use over the 0 to 70 °C range 
and are both available in either her- 
metic, size-brazed ceramic or plastic 
24-pin pips. The ap565S and T are 
specified over the —55 to 125 °C 
range and are housed in the hermetic, 
size-brazed ceramic 24-pin pip. 
Circle 356 on Inquiry Card 


Opto Couplers Are 
Second Sourced 


The second sourcing of a series of 
industry standard opto couplers has 
been announced by Motorola Semi- 
conductor Products Inc, Po Box 
20912, Phoenix, az 85036. Isolation 
voltage for all couplers is specified 
at 7500 Vac peak (5 s), said to be 
in excess of the originator’s specifica- 
tions. A total of 34 models have been 
made available, including 25 photo- 
transistors and 9 photodarlington out- 


put couplers, in standard 6-pin plas- 
tic DIPS, 

Phototransistor types include: Gen- 
eral Electric H11Al1, 2, 3, 4, 5, 10, 
520, 550, and 5100; Litronix m1, 12, 
15, 16, and 74; Monsanto mcrT2, 2E, 
26, and 210; and Texas Instruments 
ti.111, 112, 114, 115, 116, 117, and 
118. Photodarlington types include 
General Electric H11Bl, 2, 3, and 
255; Monsanto mca230, 231, and 
255; and Texas Instruments T1L113 
and 119, 
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Bipolar Digital 
Gate Array Totals 
265 Cells 


An array of 2120 uncommitted com- 
ponents arranged in a matrix of 225 
logic cells and 40 peripheral inter- 
face cells with eight components each 
is contained on a chip 131 mils 
(3.33 mm) square. Designed to ac- 
commodate either digital or linear 
circuitry, the device is available in 
standard, low power, and high speed 
configurations, 

Produced by Interdesign, Inc, 1255 
Reamwood Ave, Sunnyvale, ca 94086, 
the uLa-225 (Uncommitted Logic Ar- 
ray) is supported by a software kit 
that enables users to design and lay 
out custom ics. Priced at $59, the kit 
includes guidelines for designing 
linear and digital circuits, component 
characteristics, 1c layout sheets, ad- 
hesive functional overlays, and kit 
parts for breadboarding. Customer 
integrations, which include delivery 
of 20 prototype circuits, are priced 
at $2800 with a 4- to 6-week turn- 
around time. 

Additional features of the bipolar 
digital gate device include a single 
5-V supply, TTL and cmos compatibil- 
ity, toggle rates to 10 MHz, and 
40-mA output drive. For a 200-gate 
system, typical dissipation is 50 mW 
(low power array), 500 mW (stan- 
dard array), or 650 mW (high speed 
array). The high speed array has 
been optimized for low power Schott- 
ky Tru compatibility, giving a typical 
performance of 10-ns gate delay and 
10-M Hz clock rate. 

Circle 358 on Inquiry Card 


Fast MIL-Spec ADCs 
Significantly Cut 
Power Consumption 


Two series of analog-to-digital con- 
verters providing 8-bit and 12-bit 
conversions are specified from —55 
to 125 °C by their manufacturer, 
Hybrid Systems Corp, Crosby Dr, 
Bedford Research Pk, Bedford, Ma 
01730. Both types of apcs are avyail- 
able with either full mim-stp-883B, 
Class B, or commercial/industrial pro- 
cessing. The 8-bit device, apc542, 
designed to be a plug-in replacement 
for Burr-Brown’s apc82 devices, offers 
a 35% reduction in power consump- 
tion, drawing a total of 650 mW. 
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Similarly, the 12-bit device, anc581- 
12, is designed to be a ‘plug-in re- 
placement for Burr-Brown’s apc85/84 
and Datel’s apc-Hx12B/Hz12B de- 
vices, providing a 70% power reduc- 
tion to 570 mW. 

Well-suited to microprocessor ap- 
plications, the 8-bit apc has a conver- 
sion time of 2.5 ys typ, 2.8 ws max, 
and includes precision pac, clock, 
comparator, reference, and successive 
approximation register. Simple pin 
jumpering allows the user to select 
from three unipolar and three bipolar 
input ranges. Output coding in the 
bipolar mode is user selectable as 
either complementary offset binary or 
complementary 2’s complement codes. 
Overall tempco is +45 ppm/°C, and 
longterm stability is 0.1%/year. 

Military versions are designated as 
ADC542B-8; commercial versions (mod- 
el C-8) are specified from —25 to 85 
°C. All models in this series are her- 
metically sealed in 24-pin metal prs. 

The 12-bit apc provides a conver- 
sion time of 17 ys (typ), 20 ps 
(max), and includes internal clock, 
reference, and input buffer amplifier. 
It can be short cycled to obtain even 
shorter conversion periods where less 
resolution is required. The design 
provides an external clock rate con- 
trol and the option to use an external 
clock for synchronization. Gain tempco 
is +30 ppm/°C max. The device takes 
a wide range of voltages (from +11 
to +18 V) on the +15-V supply in- 
puts. Five input ranges can be se- 
lected and three output codes are 
available. 

Commercial /industrial version C-12 
operates over the same full tempera- 
ture range as does the military B-12. 
Both versions are provided in 32-pin 
hermetically sealed, metal pres. 
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Semicustom CMOS 
IC Family Provides 
From 60 to 600 Gates 


A single semicustom complementary 
MOs Ic typically replaces 10 to 40 
standard TTL or CMOS SsSI/MSI cir- 
cuits. The basic family includes seven 
chips ranging from the cpr 50 (a 60- 
gate array utilizing up to 28 1/o pins) 
to the cpr 600 (a 600-gate device, 
containing over 2500 transistors and 
up to 74 1/o pins). These devices 
operate at relatively low power, with 
a wide operating voltage range (up 


to 18 V). The output has a sink 
current capability greater than 20 
mA at 5 V and greater than 300 mA 
at 15 V. 

Produced by California Devices 
Inc (1333 Lawrence Expy, Suite 
340, Santa Clara, ca 95051), the 
semicustom circuits require no spe- 
cial drivers, clocks, or critical wave- 
forms, nor is any ratioed or dynamic 
circuitry needed. Operation is spec- 
ified over a —55 to 125 °C temper- 
ature range, with mix Spec processing 
and testing, and radiation hardening 
up to one megarad available. 

Circle 360 on Inquiry Card 


IC Handles Data 
For Hard-Sectored 
Floppy Disc Operation 


Simplification of the data interface 
between a flexible disc and a micro- 
processor is provided by an Mos in- 
tegrated circuit introduced by Stan- 
dard Microsystems Corp, Hauppage, 
ny 11787. The device is designated 
as the rpc3400 floppy disc hard sec- 
tor data handler (HspH). Used in 
low cost controller systems, it per- 
forms all the data handling required 
for hard-sectored floppy disc opera- 
tion. 

For a write operation, the data 
handler receives the processor’s paral- 
lel data and shifts them out bit-serial- 
ly to the disc data encoding circuitry. 
During a read operation, it receives 
a bit-serial data stream from the disc 
data separator, establishes byte syn- 
chronization by detecting the pro- 
grammable sync byte, and transfers 
data on a byte by byte basis to the 
processor. 

Additional features include single- 
or double-density operation (record- 
ing code independent), minifloppy or 
standard floppy compatibility, and 
dual disc operation—writing on one 
disc drive while simultaneously read- 
ing from another. Inputs and outputs 
are TTL compatible, and a 3-state 
output bus provides processor com- 
patibility. 

The device detects data overrun 
and underrun and _ indicates these 
conditions on its status lines. A data 
underrun causes write data to be 
written onto the disc from a special 
programmable fill register, until new 
data are entered into the write data 
buffer or until the write operation is 
ended. Oo 
Circle 361 on Inquiry Card 
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Think Ontel 


Toren/Gaynor 


its 
Intelligent 


Buying intelligent terminals? 

Then you should be thinking about 
Ontel! It’s the intelligent thing to do. 
First of all, we know that extensive 
software is vital to our OEM users and 
new Ontel software is continually 
being introduced. Because of this our 
users are able to reduce their 
development costs in a multitude of 
application areas. 

High level languages, forms 
generation, word processing, text 
editing and complete utilities and 
diagnostics, all running under Ontel’s 
disk or diskette operating systems, 
complete the comprehensive set of 
sophisticated software packages now 
available for the OEM market. 

Our hardware is truly outstanding. The 
OP-1 user programmable intelligent 
terminal series has been carefully 
planned and engineered as a complete 
systems family able to fulfill and 
complement your design 
specifications. All OP-1 terminals have 
been designed to make possible 
on-site feature enhancements. A full 
range of peripheral controllers is 
available providing communications, 
mass storage and printer interfaces. 
Master processors, coupled with 
secondary processors, provide unique 
distributed computing capabilities. 
Contact us today for the 

intelligent answer. 


Edward J. Heinze 
Vice President Domestic Sales 


Ontel Corporation 
250 Crossways Park Drive 
Woodbury, NY 11797 


(516) 364-2121 


mtd. 


Wee cee. ae 
i WTA a : BEGG 
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PRODUCT 


FEATURE 


A family of high speed array proces- 
sors “designed to function as periph- 
eral computational subsystems in 
real world signal processing applica- 
tions” has been introduced by Ana- 
logic Corp. The ar400 family is said 
to provide exceptionally powerful ar- 
ray processing and fully program- 
mable computing capability at low 
cost. 

Unique architecture and a sophisti- 
cated standard software package pro- 
vide the processor’s user with many 
of the program design options of a 
general purpose minicomputer. The 
fully programmable unit handles 
programs written solely or in a com- 
bination of FORTRAN, host computer 
assembly language, and array pro- 
cessor assembly language. 

As one benchmark of the proces- 
sor’s performance capability, a 1024- 
point fast Fourier transform (FFT) 
is carried out in 3.6 ms. A typical 
1024-point complex FFT operation is 
executed in 7.4 ms. 

Data may be acquired either 
through a host interface or directly 
through a standard auxiliary input 
port. A multilevel interrupt struc- 
ture and powerful executive provide 
realtime capability for applications 
requiring concurrent asynchronous 
data acquisition processing and out- 
put. 

Hardware is available in three 
configurations: as a 4-card set for 
mounting directly within the host 
computer chassis; as a standalone 
unit in a rack mounting case, with 
integral power supply and space for 
additional memory and analog data 
acquisition cards; and assimilated 
with an AN5400 microprocessor con- 
trolled data acquisition system. 


Design Features 


A high speed microprocessor based 
multifunction command processor 
built into the array processor, in 
combination with dual pipeline archi- 
tecture and innovative software, re- 
duce hardware requirements, speed 
and simplify program generation, 
and permit efficient use of data mem- 
ory. Most control, status, and data 
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Innovative Architectural and 
Software Techniques 


transfer between array processor and 
host computer is by direct memory 
access (DMA). Component count has 
been reduced drastically (from as 
many as 1000 Ics in other array pro- 
cessors to about 350 in this design). 

A 3-stage arithmetic pipeline per- 
forms such functions as cross prod- 
uct, FFT butterfly step, and filter pole- 
pair step in response to machine 
language calls. Arithmetics and data 
memory are controlled by specifying 
three parameters: input data ad- 
dresses, function to be performed, 
and output data addresses. 

For full utilization of arithmetic 
logic, a buffered command and ad- 
dress pipeline parallels the arithmetic 
pipeline. Control signals for the 
adders, shifters, and multipliers in 
the arithmetic pipeline are created 
in, and transmitted along, this sec- 
ond pipeline as the pipeline arith- 
metic commands are decoded. Since 
control processor commands to the 
pipeline are buffer-stacked, the pipe- 
line functions with very high effi- 
ciency. 

Provision of two 1/0 ports permits 
direct input from high speed data 
acquisition front ends as well as 
direct output to peripherals. The 
control processor has its own operat- 
ing system and is therefore largely 
autonomous. Most interaction with 
the host computer is by DMA only. 
The host is interrupted only on rare 
occasions such as when it instructs 
the array processor to begin a series 


Result in 
Low Cost 


High Performance 
Array Processors 


of computations or when the process 
ends. 

Normally, array processor compu- 
tations are carried out in block float- 
ing point format: 24-bit, 2’s comple- 
ment mantissa and 16-bit, 2’s com- 
plement exponent. Such computations 
are performed at the rate of 10 x 10° 
arithmetic and logical operations/s. 
Data-dependent table lookup opera- 
tions are performed at 1 MHz, while 
direct data input, via a standard 
auxiliary 1/0 port, may be made at 
up to 2.1 MHz. 

Programs may be written at any of 
three different levels. At the highest, 
and easiest, level the user has a com- 
plete library of ANSI standard 
FORTRAN calls. These provide full ac- 
cess to the function repertoire with 
a minimum of user programming 
and a virtual disregard of the in- 
ternal array processor operation. 

At mid-level, host computer as- 
sembly language is available. The 
user sets up function control blocks 
stored in host memory for _table- 
driven array processor operation. Se- 
quences of functions may be chained 
together for fully independent con- 
current operation of the host and 
array processor, with a minimum of 
host processor burden and a mini- 
mum of host memory taken up for 
array processor use. 

Fine-level programming allows the 
user to exploit full resources of the 
array processor by employing the 
array processor's own assembly and 
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machine languages. A vertical archi- 
tecture is employed, with registers, 
flags, the arithmetic pipeline, and all 
other internal structures available to 
the user via individual 1- or 4-word 
instructions ranging from simple 2- 
register operations to complex multi- 
operation pipeline arithmetic com- 
mands. 

There are four distinct groups of 
standard software: system, for con- 
trol of host and array processor ac- 
tivity; applications, for problem 
solution and realtime tasks; utility, 
for software preparation and use; 
and diagnostic, for hardware and 
software fault detection and isolation. 
The array processor is supplied with 
complete array processor and host 
resident systems software, applica- 
tions software including an exten- 
sive library of FORTRAN and _ host 
callable functions, standard library 
of pipeline arithmetic commands in 
ROM, hardware diagnostics, and op- 
tional additional utility software and 
program debugging aids. 


General Specifications 


The 4-card array processor, ready to 
plug into a host processor, is avail- 
able with edge connector patterns for 
most mainframes and minicomputers 
as well as many standard microcom- 
puters. Power requirement with basic 
memory is 20 A nom at 5 Vde. 
Standard memory is 4k words x 24 
bits, expandable in 4k-word blocks 
to a maximum of 64k words/array 
processor; and standard program 
memory is 2k words, expandable to 
4k (RAM or ROM). 

In standalone cabinet version the 
array processor measures 5.25 x 19 x 
20” (13.3 x 48 x 50 cm). Power re- 
quirement is 130 W nom at 117 or 
240 Vac, 50/60 Hz. Weight. with 
case, is 50 lb (22.7 kg). Operating 
temperature range is 0 to 50 °C. 


Price and Delivery 


In the most economical configura- 
tion—the 4-card ‘set with backplane 
and software—the ap400 array pro- 
cessor is priced at $7500 each in 100 
quantity. The standalone cabinet 
version in single quantity is $12,500. 
Deliveries are scheduled to begin in 
the first quarter of this year. Ana- 
logic Corp, Audubon Rd, Wakefield, 
MA 01880. Tel: 617/246-0300. 
For additional information cir- 
cle 199 on inquiry card, 


Our data displays are outstanding 
solid-state designs with critically 
matched magnetics to optimize 
the performance levels and 
dependability demanded by your 
customers. We use the most 
advanced engineering and 
production techniques to assure 
consistency of performance. 

No data display is built with more 
deliberate attention to quality 
and reliability. 


We have been in the electronic 
display business long enough 

to know about rush orders. If you 
need it yesterday — we'll try 

to get it to you yesterday 


We've built thousands of displays 
for many of the major manu- 
facturers in the country. Perhaps 
we already have a unit that would 
meet your requirements. With 


Reliability 


Experience \ 


| Delivery 


Cooperation 


slight modifications. It would be 
less costly than starting from 
scratch. If you need a new, 
special package — we'll produce 
it for you, in the configuration 
you want, at minimal expense. 


If you’re developing anew data 
terminal, we will be glad to 
cooperate with your terminal 
design engineers in reviewing 
your exact specifications and 
developing the most economical 
display possible. And quickly! 
Whatever you need, we have the 
experience and talent to design 
it. And improve it. 


But don’t take our word. See for 
yourself by contacting us today. 


You'll come up with your own 
reasons for using Setchell Carlson 
CRT data displays. 


530 FIFTH AVENUE N.W. NEW BRIGHTON, MN. 55112 - (612) 633-3131 
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Come to our Boston workshop 


and develop your skills in... 


PASCAL is rapidly gaining acceptance in the 
computer world because of its: 


— machine independence and 
— accommodation of structured programming. 


PASCAL is also the basis for DOD-1, the evolving 


standard Defense Department realtime language. 


This unique workshop enables you to design and 
write PASCAL programs and evaluate high-level 
languages for your application. A fully-equipped 
laboratory will provide facilities to write and 
execute PASCAL programs during individual 

and group exercises. 


George Poonen, Manager of Languages and 
Data Base Research at Digital Equipment Corp. 
will conduct the workshop. 


Participants should expect to devote some eve- 
ning hours to course preparation and group pro- 
gramming exercises. 

Familiarity with mini or microcomputer architec- 
ture and experience with high-level language 
programming is assumed. 
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. Introduction 


motivation behind the use of 
high-level languages 


overview of course 


. PASCAL 


The goal of this part will be to 
introduce you to PASCAL 
through a series of case studies 
and examples. You will get an 
opportunity to write your own 
PASCAL programs and execute 
them. The emphasis throughout 
will be on: 


a. Mastery of the language, and 


b. Developing good program- 
ming style 


A) PASCAL-| 


general form of PASCAL pro- 
grams 


assignment statement 

basic |/O 

reading programs, syntax charts 
exercise 1 


B) PASCAL-I| 


constants, variables 
primitive data types 
precedence of operators 


lab (Supervised sessions during 
which you will complete the 
given exercises) 


C) PASCAL-III 


conditions 
loop structures 
selection 
exercise 2 


D) PASCAL-IV 


introduction to procedures 


passing parameters by value 
and by reference 


functions 


nested procedures/functions 
and scope of names 


lab 
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E) PASCAL-V 


general concepts of data types 
user-defined data types 

scalar data types 

arrays 

exercise 3 


F) PASCAL-VI 


records 

sets 

pointers 
dynamic storage 
lab 


G) PASCAL-VII 


sequential files 

text files 

formatting 

exercise 4 

list processing 

recursion 

advanced features— extensions 


survey of PASCAL 
implementation 


lab 


. High-level languages 


Having learned one language, 
you will now be presented with 
a generic approach to program- 
ming languages. This approach 
will enable you to grasp the 
essential features of new lan- 
guages in a matter of days. 


general approach to learning 
languages 


use of the above approach to 
learn PL/M and PL/Z 


additional features from other 
languages 
exercise 5 


. Compilers and optimization 


A brief introduction to compiler 
design and organization to illus- 
trate trade-offs in language 
design and use. This session’s 
objective is to enable you to uti- 
lize high-level languages in the 
most effective way. 


}p— Se Sea aeaeasy 


/ April 23-27, 1979 


design and organization of com- 
pilers 


what good compilers will do for 
you 


programming techniques to 
improve performance 


space/time trade-offs 


examples from LSI-11, INTEL 
8080 


5. Evaluation of languages 
checklist for languages 

when and when not to use high- 
level languages 

6. Summary 

review 


new developments in languages 
and their use in small computers 


This workshop plus a variety of 
other customized technical and 
management courses are available 
for on-site presentation. Contact 
Donald French at (617) 964-1412 
for details. 


Tuition is $600. This includes course 
notes and text, as well as Tuesday 
evening reception. The seminar is 
scheduled for 8:30 a.m. Monday, 
April 23, 1979, through 4:30 p.m. 
Friday, April 27, 1979. 

Course certificate and 3 continuing 
education units will be offered by 
Polytechnic Institute of New York to 
participants completing the course. 


For additional information on course 
content, objectives, and intended audi- 
ence, you can call the course coordina- 
tor, Mr. Poonen, at 617/897-5111, ext. 
3537. For administrative information, call 
the Institute for Advanced Professional 
Studies at 617/964-1412. Participants 
are urged to register early as enrollment 
is limited. 


16-BIT MICROCOMPUTERS: Design 
and Minicomputer Comparison — 
March 5 through 8, 1979, Boston. 
PROGRAMMING THE Z-80, 8080, 
and 8085 in Assembly Language — 
April 30 through May 4, 1979, Boston. 
MANAGING TECHNICAL 
PROGRAMS AND PROJECTS — 

May 14 through 16, 1979, Boston. 


L] Please register me for the five-day course, PASCAL PROGRAMMING FOR 
MINI AND MICROCOMPUTERS co-sponsored by Polytechnic Institute of New York 
and Institute for Advanced Professional Studies to be held April 23-27 at the 


Ramada Inn, Woburn, Massachusetts 01801. 


LC) Sorry, | cannot attend — but please add my name to your mailing list. 


Tuition is $600. 


Name 


Job title 


Employer 


Business phone 


Business address 


City 


State _ Zip 


Home address 
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PRODUCTS 


Slide Action DIP Switches Provide 
Nonslip Actuation, Easy Solder Flushout 


Features of the SE2AV series spst switches are a concave 
button to insure self-centering and to prevent slippage dur- 
ing actuation, and drain holes for solvent flushout to elimi- 
nate contamination of contacts due to solder flux. Units have 
dust tight construction of slide operating mechanism and are 
available in 2- through 10-pole configurations. Also standard 
to the design are positive make and break; low contact 
bounce and resistance: visual position indicator; contact 
wipe >0.005” (0.013 cm); high contact pressure of 50 g min; 
0.3” (0.76-cm) profile: and gold plated contacts with flow 
soldering capability. Current carrying capacity is 100 mA max 
at 50 Vac; op temp range is 0 to 70 °C. Each circuit is 
rated at 10k mechanical operations min. Cutler-Hammer, 
Inc, Aerospace Controls/Systems Div, 4201 N 27th St, Mil- 
waukee, WI 53216. 

Circle 200 on Inquiry Card 


Electrosensitive Digital Recording Device 


Prints Gray Scale Images and Alphanumerics 


Archival gray scale imagery. line graphics, and alphanumeric 
printouts are produced on the CEC 912 gray scale printer 
using a dry electrosensitive recording process that requires 
no heating or toning It prints 16 shades of gray scale with 
each step accurately defined by a 4-bit digital command. 
Horizontal and vertical resolution is 200 dots/in (79/cm). 
Specs include 2048 pixels/line, 0.005” (0.127-mm) pixel 
separation, and max picture width of 10.1” (25.6 cm). Data 
signals are input to the writing head assembly that con- 
sists of 128 electric styli; operation may be interrupted at 
any time. Max printout speed is 23.6 in/min (10 mm/s). 
Alphanumeric line printing may reach twice this speed, or 
300 char lines/min in a 7 x 9 matrix for ASCII char. Rugged 
unit mounts in OEM equipment at any angle from horizontal 
to vertical for military and industrial applications and for 
mapping. Bell & Howell, CEC Div, 360 Sierra Madre Villa, 
Pasadena, CA 91109. 


Circle 201 on Inquiry Card 
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Computer Communicates Verbally Using 
Vocabulary Stored in Voice Response System 


MMM Higgs | 


Plug and software compatible with DEC’s PDP-8 and -11 
computers, the BT-1 system uses compressed and prestored 
human speech for remote communications, laboratory and 
industrial automation, and software development systems. The 
computer can communicate messages, instructions, ques- 
tions, answers; and alarms in natural human sentences or 
phrases—not computer synthesized—that transmit over tele- 
phone or rf links. Mag recordings of high quality speech are 
sampled at a 10-kHz rate with 6-bit resolution, resulting in 
60k-bit/s digitized speech. These data are then compressed 
by a proprietary software method. Depending on the num- 
ber of consonants in the word, the compression rate is as 
high as 5 to 1, minimizing bus time and storage require- 
ments. Std vocabulary consists of numerics 0 to 9 and con- 
trol words start, stop, and alarm; other vocabulary com- 
binations are optional. Perception Technology Corp, 95 
Cross St, Winchester, MA 01890. 

Circle 202 on Inquiry Card 
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There's nothing to it. 

Not when you start with the best. And that's exactly 
what the new CalComp 1055 high-performance drum 
plotter is — the best. In fact, it easily surpasses every- 
thing we — and our competitors — have created to date. 

There's simply no other 36-inch, roll-fed drum plot- 
ter with specs like these. Plotting speed is an unprec- 
edented 30 inches-per-second (762 mm-per-second) 
on axis. Complemented by a 4G acceleration ramp 
and 10MS pen-down time. The results are 
unbeatable quality and throughput. 


R1iG , All 

R8 Rid 
for all would-be, high-performance drum plotters. In 
terms of speed, accuracy and line quality. And in 
terms of good old-fashioned price/performance, too. 

Of course, you may not need the sophistication 
of a 1055 right now. In that case, our new 1051 is the 
answer. You get 10-ips performance today, and the 
ability to field upgrade to a 1055 tomorrow — when your 
needs have expanded. 

One thing hasn't changed, though. 
CalComp service and support. It's still 
worldwide and second to none. For field 


What's more, you get the versatility g@—_—_——=—=———r—! ‘es service personnel. For in-place field 


that only four pens can provide and a 
practical, roll-fed design that keeps 
operator intervention to a minimum. 
But that's not all. For increased 
accuracy, we made the 1055 completely 
d.c. servo-motor driven. And we gave 
ita special linear pen drive mechanism 
to help maintain consistently superior 
line quality. In every application. 
The bottom line is this: Our 
new Model 1055 creates an 
entirely new set of standards 


CTATL I CTOIMIP, 


2411 W. La Palma Avenue, Anaheim, California 92801 


(201) 686-7100/ Bala Cynwyd. PA (215) 667.1 ia Rscetke: MOS 


(al 
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systems analysts. And for the kind of 


a help you expect from the world leader 


= in digital plotters. 

All of which proves, when it comes 
to high-performance drum plotters, 
CalComp’s really drawing away from 
the competition. Again. 

To arrange a special preview 
demonstration of the new 1055, 
please call your local CalComp 
sales representative in the 
following areas: 


90d, CO (303) 770-1950/ Beaverton, OR (503)646- ae Ao 
3) 569-3123 / St. Louls, MO (314) 968-55. aia 


A TO CHICAGO 4 
NEW DIRECTIONS IN 
DATA COMMUNICATIONS 


AND DISTRIBUTED 
DATA PROCESSING 


NEW ammcnone 
INTERFACE ’79 


NEW DIRECTIONS ... 


In DDP -- FUTURE TRENDS 
In DDP Management -- ORGANIZING FOR TOMORROW 
For the new user -- DATACOMM SCHOOL 
For the experienced user -- APPLICATIONS FORUMS 
In software -- MERGING THE DATA BASE AND DATACOMM ENVIRONMENTS 
In total network services -- ACS, SBS, XTN 
In office communications -- THE ‘DISTRIBUTED’ OFFICE 
In terminals -- MORE INTELLIGENCE AT LESS COST 
On the international scene -- EXPANDING MULTINATIONAL LINKS 
In security -- MAINTAINING DATA AND SYSTEM INTEGRITY 
In technology -- MICROS, MEDIA AND MESSAGES 


The new directions 
that data communications and DDP 
are taking today 
are pointing the way 
to tomorrow’s world of processing data. 


Plan now 
to be well along that road. 
Plan to attend 
INTERFACE ’79. 


Plan now to attend INTERFACE ’79... 
The largest data communications conference and exposition in the world. 


McCormick Place, Chicago 
April 9-12, 1979 


Conference and Exposition Management 
) by THE INTERFACE Group 
The Seventh Annual National Data 160 Speen St., Framingham, MA 01701 
Communications Conference and Exposition Call toll-free (800) 225-4620. 

Co-Sponsored DATAMATION Magazine In Massachusetts call (617) 879-4502. 


173 


PRODUCTS 


STANDALONE DOT MATRIX 
DISPLAY SYSTEM 


HDSP-24XX series couples dot matrix 
alphanumeric display with micropro- 
cessor based controller for easy-to- 
read 16-, 24-, 32-, or 40-char single 
line display. Controller incorporates 
preprogrammed routines to accept, de- 
code, and display std ASCII data. 5.0-V 
operation plus std LSTTL compatible 
inputs and four separate display for- 
matting modes allow for easy interface 
to keyboard or microprocessor based 
system. Hewlett-Packard Co, 1507 Page 
Mill Rd, Palo Alto, CA 94304. 

Circle 203 on Inquiry Card 


LAMPLESS PUSHBUTTON 
SWITCHES 


Bright color indicators, with or without 
graphics, indicate changing functions 
mechanically in the series CA 110 
switches that omit a lamp and socket 
assembly. Two methods of indication 
are legend and color change when the 
button is depressed, or legend remains 
the same but indicator color changes 
when the button is depressed. Indi- 
cators can be white, gray, black, yellow, 
green, orange, or metallic with white, 
gray, or black button shells. Tableau or 
stacked switches, 15 switches wide x 
10 high/chassis, are available. ITT 
Schadow, Inc, 8081 Wallace Rd, Eden 
Prairie, MN 55344, 

Circle 204 on Inquiry Card 


OPTICALLY COUPLED 
INTERRUPTER MODULE 


Featuring solid-state reliability and non- 
contact switching for applications re- 
quiring sensing of position or motion of 
an opaque object, CNY 36 consists of 
a high efficiency gallium arsenide LED 
coupled with a high gain silicon npn 
phototransistor across an air gap of 3 
mm. It is encapsulated in a_ plastic 
package. Typ output current is 0.5 mA 
with an input of 20 mA; turn on/off 
time is 4.0 us. Optron Inc, 1201 Tappan 
Cir, Carrollton, TX 75006. 

Circle 205 on Inquiry Card 


MAGNETIC SHIELDING 


Material For CRT’s, 


Transformers, Power Supplies, 


PMT’s, Relays & other components: 


e CO-NETIC AA ALLOY — 
High Permeability 
.002” to .100” thick 


EXCLUSIVE: Perfection Annealed — 
No further anneal required if severe 


forming is avoided. 


e NETIC S3-6 ALLOY — High Saturation Induction. 
.004” to .095” thick 


MAGNETIC SHIELD DIVISION 


PERFECTION MICA CO. 
740 North Thomas Drive 
Bensenville, Ill. 60106, USA 
Phone 312 / 766-7800 
TWX 910-256-4815 


Send for NEW 
Material, Application 
and Fabrication 
Guide MG-5 
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INTERDATA COMPATIBLE 
INTERFACE/MEMORY SYSTEM 


Memory bank interface (MBI), com- 
patible with the Interdata local memory 
bank interface, has 16 slots for memory 
and assorted peripheral controller mod- 
ules, of which 8 slots are reserved for 
memory. When populated with DR-717 
64-bit core memory modules or other 
current Interdata core memory modules, 
max 512k-bit capacity is achieved. 
Parity and 750-ns operation are imple- 
mented by appropriate setting of on- 
board DIP switch. System comes in a 
14” (35.6-cm) rack-mountable chassis. 
Dataram Corp, Princeton-Hightstown 
Rd, Cranbury, NJ 08512. 

Circle 206 on Inquiry Card 


SERIAL I/O MODULE 


Each of the 8 RS-232-C asynchronous 
serial 1/O ports on the 4.5 x 6.5” 
(11.4 x 16.5-cm) module supports all 
std baud rates from 150 to 9600. Baud 
rates are crystal controlled and indi- 
vidually switch selectable. Applications 
include data concentrators, key to disc 
systems, and communications switches. 
The module with 22/44-pin edge con- 
nector can be supplied with 2, 4, 6, 
or 8 ports. Wintek Corp, 902 N 9th St, 
Lafayette, IN 47904. 

Circle 207 on Inquiry Card 


HORIZONTAL-MOVING FONT 
LINE PRINTER 


ome j 


Microprocessor-controlled Chaintrain® 
model 1260 prints at 600 lines/min and 
has motorized upper afd lower tractor 
positioning. Carrier uses 8-char links 
riding on monorail track ensuring pre- 
cise vertical alignment. Interchangeable 
links enable char set replacement. 64- 
char set is std with 48, 96, or 128 char 
optional. Print positions are 132 at 10/ 
in (3.9/cm). Printer has full line buffer, 
and will accept 6-part forms in sizes 
from 3.5 to 19.5” (8.9 to 49.5 cm). 
Data Printer Corp, 99 Middlesex St, 
Malden, MA 02148. 
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Remember 


DEC doesn’t: 
The old RKO5 was recently replaced by the 
new RLO1® and as disc drives go, the price 
is nice. 

Until you figure in the cost of converting 
all your media (to media that you can get from 
only a single source), and the cost of the new 
controller, new software and the entirely new 
support situation that you'll be facing. 


® Registered trademark of Digital Equipment Corporation. 


S$ RKOS? 


Plessey never forgets: 
We'll continue to support your RK11®-based 
systems. 

If you need a controller, just slip the 
Plessey Hex board PM-DC11/A into your 
PDP-11® mainframe or our Quad PM-DCV11 
into your LSI-11® or our Micro-1. Plessey con- 
trollers and drives are fully compatible with 
DEC’s RK11, but much less expensive. We’ve 
been selling them for years, and have no plans 
to stop now. 

If you need more storage, just add one or 
more of our PM-DD11 disc drives. They’re 
enhanced versions of the RKO5, faster and 
smaller, but fully hardware, software and media 


compatible with your systems, so you can con- 


tinue to use your existing cartridges. And 
they’re available now for a great deal less than 
the DEC equivalents. 

Supporting our customers with the right 
products, prices and deliveries has made us the 
largest independent supplier of DEC-compatible 
peripherals. Our product line presently includes 
add-in/add-on core and semiconductor mem- 
ories, cartridge disc systems, floppy disc 
systems, mag tape systems, complete computer- 
based systems, and a wide variety of backplanes, 
expansion chassis and other accessories. 

We're the only real alternative to DEC 
for all your miniperipherals, a complete single 
source. For all the details, please contact the 
nearest Plessey sales office today. 


© Plessey Peripheral Systems 


17466 Daimler, Irvine, California 92714, (714) 540-9945 
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You start somewhere — at an 
input connector on a front or rear 
panel, for example — with a wire. 
Eventually, you arrive at a com- 
ponent somewhere on a PC board. 
{f your equipment is typical, 
you probably go through a 
half-dozen different connections 
in getting there. Solder eyes, 
terminal crimps, pins and sockets, 
terminal screws, etc., etc. 
- Every. one costs money... 
eats away at profit. But that’s 
not all. Every one is a potential 
source of troub/e: unwanted 
resistance, leakage, crosstalk, break- 
down; corroded, intermittent, or. 
noisy connections. Every one 
can add to your debugging time, 


maintenance schedules, service calls. 


Any one could hurt your product's 
» reputation, 

BUCHANAN® RSB Single- 
Screw Barrier Blocks take your 
conductors right to the board, with 
no interruptions. They are engi- 
neered to give you a clean, solid, 


trouble-free, permanent connection. 


_ In flow-soldering, their stand-offs 
simplify flux cleanup. The “‘tri- 

barrier” design prevents shorts, 
isolates adjacent terminals, keeps 
screwdriver torque and pressure 


‘off the board. Ring or spade terminals 


cannot twist and short. 


DIVISION 


CONTROL PRODUCTS 


isn’t HALF THE 


Large, easy-access screw ter- 
minals with unique locking tabs and 
serrated contact surfaces permit 
anchoring wire leads — with or with- 
out terminals — handling up to 
15 amperes. 

Choose from block lengths up 
to 36 circuits; PC, solder tail, or 
wire-wrap terminal pins (or pinless, 
for panel-mounted tie points); 
flat or perpendicular mounting, for 
optimum wire entry or screw posi- 
tion; captive clamps, solder-tab, 
or quick-connect blades for 
top termination. 

Want more information? 

Get the complete BUCHANAN 
Engineering File on 1/O Connectors. 
Use the Reader Service Card, or 

call your nearest Regional Informa- 
tion Center (listed below). 


piosyd var titel Control Products Division, Union, NJ 07083 U.S.A. 
_ BUCHANAN® Terminal Blocks, Barrier Strips, & 1/O Connectors. 

_ AGASTAT® Time-Delay Relays, Contro! Relays, & Programmable Switches. 
Regional Information Centers: Santa Fe Springs, CA, (213) 863-5753; 
Elk Grove Village, IL, (312) 437-8354; Manhasset, NY, (516) 627-8809: 
Atlanta, GA, (404) 261-1224, 
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PRODUCTS 


MINIFLOPPY DISC SYSTEM 


The V80 system, which includes a mini- 
floppy disc drive, power supply, regu- 
lator board, and case, increases usable 
storage capacity from 55k to 67.8k bytes 
on drive 1. Operating with a TRS-80 
computer, the system also provides a 
faster drive, with a track-to-track access 
in 5 ms versus 40 ms for the com- 
puter’s minidisc system. The self-con- 
tained unit is assembled and tested. 
Vista Computer Co, 2909 Oregon Ct, 
Torrance, CA 90503. 
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LINEAR REPLACEMENT 
SWITCHING POWER SUPPLIES 
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LR series 75-W single, triple, and quad 
output supplies have 115-Vac inputs 
and are regulated to 0.2%. Single out- 
put LR7500 models offer 5 V at 15 A, 
12 V at 65 A, or 15 Vat 5 Aina 
4.87 x 2.1 x 7” (12.87 x 5.3. x 18-cm) 
package. Triple output LR7700 models 
contain 7500 series main output and 
two auxiliaries from 12 to 45 W each; 
LR7800 adds a fourth output of up to 
12 W. California DC, 31117 Via Colinas, 
Bldg 402, Westlake Village, CA 91361. 
Circle 210 on Inquiry Card 


HIGH DENSITY 
LOGIC MODULES 


The 760 modules contain from 8 to 10 
functions/card. The series includes 8 
kinds of logic gates, input interfacing 
cards with 10 functions/card, high den- 
sity shift registers, and the ASCII trans- 
ceiver module. The latter provides logic 
for a full-duplex asynchronous com- 
munication channel. It features auto- 
matic start and stop bit generation, and 
parity generation; and detects errors 
in framing, parity, and overrun. Tenor 
Co, Inc, 17020 W Rogers Dr, New Ber- 
lin, WI 53151. 
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OdUR COMPETITIVE EDGE 


Precision, extra-long life character elements for high-speed printers, point of 
sale equipment, teleprinters and similar printing and stamping equipment. 


By what criteria do you design the character transfer 
elements of your printing and stamping equipment? 
Are they engineered to give the performance you 
require throughout the product life? 


Mark Stamp Steel, a division of Mohawk Data 
Sciences Corp., engineers and manufactures quality 
print drums, print wheels, type slugs and similar 
character elements for some of the largest printer 
and teleprinter manufacturers in the world. 


Quality design and engineering insure that your 
specifications are exactly met. Availability of high- 
technology processes, including powdered metal, 
cold rolling, and precision engraving, insure that your 
character elements are manufactured using the best 
possible process. The result, optimum uniformity 
throughout product life. 


Choose from a library of over 5000 characters, 
including OCR, MICR, IBM, CDC, and numerous 
special and foreign fonts. Or, let us design a font to 
your specifications. 


> 
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Mohawk Data Sciences is one of the leading 
suppliers of distributed data processing, key-to-disk 
and peripheral systems, with a customer base of 
over 7000 worldwide. Mark Stamp Steel has played a 
major role in the success of MDS products and their 
reputation for exceptional performance and reliability. 


To receive additional information, or a 
price/performance quotation on your application, fill 
out and return the attached coupon. We'll tell you 
how our competitive edge can improve the price and 
performance of your product. 


O Please send literature. 

O Please send quotation (My specifications and 
requirements are attached). 

O Please have a design specialist call. 


Name Title 
Company 

Street City 

State Zip Phone (__) 


Mark Stamp Steel, a division of Mohawk Data Sciences Corp., 
Palisade Street, Herkimer, N.Y. 13350 
| Telephone: (315) 866-5300 (Ext. 5406). 


Mie 


Mohawk Data Sciences 


NOW AVAILABLE 


LSI-11, SBC 80, 6800 
16K CORE MEMORIES 


¢ NON-VOLATILE. NO 
BATTERY BACK-UP 

e PIN TO PIN COMPATIBILITY. 

¢ POWER MONITORING FOR 
DATA PROTECTION.* 

e WRITE PROTECT.* 

e ONE YEAR WARRANTY ON 
PARTS AND LABOR. a 

¢ ALL UNITS TEMPERATURE 
CYCLED AND BURNED IN. 


MM - 1103/16 


surrey RP HIEEHE 


16K X 16 


MM - 8080/16 16K X8 
MM - 1103/16 
MM - 6800/16 PLUGS DIRECTLY TO DEC LSI-11 AND 


PDP 11 - 03 COMPUTER 


MM - 8080/16 
PLUGS DIRECTLY TO INTEL MDS 800 
AND SBC 80/5, 10, 20 COMPUTER 


MM - 6800/16 
PLUGS DIRECTLY TO MOTOROLA'S 
EXORCISER AND MICRO MODULES 


16K X8 


ALL OF THE ABOVE MODELS ALSO AVAILABLE IN 8K MODULES 


* On models MM - 8080/16 and MM - 6800/16 
icro 
ssemory 


9438 Irondale Ave. 
PBS Chatsworth, California 91311 
Telephone: (213) 998-0070 
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PRODUCTS 


ZERO-SWITCHING 
SOLID-STATE RELAY 


The 642 optically coupled ac relay fea- 
tures zero-crossover switching to min- 
imize circuit noise. The model, pack- 
aged in a TO-116 DIP for convenient 
PC board insertion, uses hybrid micro- 
circuit techniques. It is rated to switch 
up to 1.5 A at 250 V rms, with peak 
transient ratings up to 600 V. Teledyne 
Relays, 12525 Daphne Ave, Hawthorne, 
CA 90250. 
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LSI-11 COMPATIBLE 
FLOPPY DISC SYSTEM 


800 series, compatible with DEC LSI-11, 
LSI-11/2, and Adac System 1000 series, 
can be supplied with single- or dual- 
drive single density discs. 512k-bytes 
formatted storage is provided. Series 
is DEC RX01 software and media com- 
patible. Controller hardware supports 
up to 4 drives. Formatting of diskettes 
can be in any standard IBM sector in- 
terleaving scheme. Self-testing micro- 
code and front panel indicators aid in 
error detection and correction. Adac 
Corp, 15 Cummings Pk, Woburn, MA 
01801. 
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DUAL PASLA FOR 
INTERDATA COMPUTERS 


Dual programmable asynchronous sin- 
gle line adapter (PASLA) contains two 
PASLAs on a single 7 x 15” (18 x 38- 
cm) half-board. Each channel is com- 
patible with Interdata operating system 
and diagnostic software and provides 
an interface between the Interdata mul- 
tiplexer or selector channel I/O bus and 
any asynchronous data set or local ter- 
minal with an RS-232-C interface. MDB 
Systems, Inc, 1995 N Batavia St, 
Orange, CA 92665. 
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The smart, reliable TELERAY 1061: 


Highest Ever 


Features/ Price 


“1090 list (desk stand optional) 


SS > 32 keyboard- 
| programmable functions 


Call up forms, control sequences, etc...using up to 527 characters in any 
combination. PLUS these standard 1061 features: 


e@ Independent I/O and peripheral speeds— __ @ No-tools self-service in seconds, with 
programmable: snap-out, snap-in modules. 

e Format and protect modes—dim, blink (or © Block mode transmission— page, part of page, 
blank), underline and inverse video — line, part of line, and character by character. 
programmable in any combination. e Programmable wide (40/line) or standard 

e Programmable tabs — up to 16 column (80/line) character format with clear, readable 
positions. 7x9 characters. 

© Monitor mode— 32 control codes @ Insert and delete— character or line at a time. 
displayable. e Clear—page, to end of page, to end of line. 

e Peripheral port, RS232C—programmable ee SUPER SERVICE—replacement modules in 
enable/disable. reusable mailers ...it works! 


And many more feature/benefits... hard to believe at the price. 
Call your nearest TELERAY Sales Office for the complete, good-news story. 


TELERAY Sales Offices: 
(201) 652-7055, (201) 944-1600, (206) 641-6444, (212) 947-0379, | E g E RAY 
(213) 328-9770, (214) 661-0300, (216) 585-8421, (301) 589-2802, 


(303) 279-7796, (312) 279-3290, (313) 354-6421, (405) 528-6071, 
(408) 744-1930, (412) 243-8421, (416) 622-6752, (503) 292-3505, DIVISION OF 

(512) 451-5174, (512) 828-0937, (513) 223-8421, (518) 587-2313, 

(602) 968-5962, (612) 535-5330, (613) 225-0411, (617) 459-2578, 

(713) 780-2511, (714) 273-4771, (714) 552-7850, (716) 381-4120, RES! EARCH INC 
(801) 969-4034, (808) 523-1326. PHONE (612) 941-3300 
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THE ONLY DECENT 
LOW COST 


165 CPS 
MATRIX PRINTER 
YOU CAN GET 
IN VOLUME 


jes 


Other people make them, of course. But you can’t get 
them in volume. Unless you're willing to wait a very long 
time. And in this business a printer you can't get is 
about as useful as all those wonderful products that 
haven't been invented yet. 

Even if you did have a wide variety to choose 
from, you'd probably choose our Matrix printer anyway. 
Microprocessor control makes it efficient, fast and 
reliable. And it’s programmable from your computer 
or optional keyboard. 

Bidirectional printing and paper feed gives you 
true graphics capabilities. Special character sets, 
including foreign language alphabets, provide incredible 
flexibility. And when you add the optional keyboard, 
it becomes a remote communications terminal. 

Matrix is compatible with all industry standard 
RS-232-C or parallel interfaces, so you can plug it in 
just about anywhere. 

lf you need a good matrix printer in volume and 
you can't wait forever, contact one of our 
local sales offices or the Director of 
OEM Sales, Microdata Corporation, 
17481 Red Hill Avenue, RO. Box 
19501, Irvine, CA 92713. 
Telephone: 714/540-6730. 
TWX: 910-595-1764. 


SALES OFFICES 
Boston 617/890-2020 
Chicago 312/364-5820 
Los Angeles 714/533-8035 
San Jose 408/245-5013 
Washington, DC 703/620-3995 


Microdata ©)=)\) Pirochucts 


A significant difference. 
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PRODUCTS 


SINGLE-POLE 
ROCKER SWITCHES 


Single-pole rocker and paddle switches 
are UL listed and CSA certified. They 
are available with 3 separate ratings of 
10, 12, and 16 A. Snap-in type panel 
mounting eases installation. Various 
color combinations, circuits, metal 
bezels, illuminated versions, hot stamp- 
ing, and custom colors are available. 
Terminals are 0.25” (0.64-cm) slip-on 
type and can also be soldered. Chicago 
Switch, Inc, 1714 N Damen Ave, Chi- 
cago, IL 60647. 
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INTELLIGENT DATA ACQUISITION 
AND CONTROL SYSTEMS 


Cinch™ series Z80 based systems for 
industrial applications include 16 A-D 
channels, 16k EPROM (12k system 
BASIC, 4k user programmable), 4k RAM, 
and 2 serial ports, either 20 mA or 
RS-232-C. Options include additional 
memory, A-D and D-A channels, hard- 
ware, floating point processor, optical- 
ly isolated high voltage I/Os, IEEE bus 
interface, keyboard CRT terminal, and 
P/ROM programmer. Programming is 
done in BASIC, enhanced with a real- 
time operating system and |/O sub- 
routines. Control Logic, Inc, 9 Tech Cir, 
Natick, MA 01760. 
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SPEED ENHANCEMENT FOR 
MATRIX PRINTER 


RS-232-C and parallel interface com- 
patible matrix printer now prints up to 
165 char/s. Unit is controlled from a 
CPU or via an optional keyboard. Fea- 
tures include bidirectional printing and 
paper feed with optional char sets, in- 
cluding foreign language alphabets. Mi- 
crodata Corp, 17481 Red Hill Ave, 
Irvine, CA 92714. 
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Our second product is another first. 


Dan Schimelpfenig 

Director of Engineering 
CONVER Corporation 
WESTINGHOUSE 

“67/74 Switching Power 

Supply Designer 
KAISER ELECTRONICS 
“74°78 Manager, Switching 
Power Supply Development 


We started CONVER because we felt it was time someone 
started applying imaginative thinking and high technology to 
power supplies; making them more responsive to your needs. 

We did it with our first product: the industry's first 27-watt 
switcher at the price of linears. 

And weve done it again with our second product: 


The industry’s first truly simple, 
modular, multi-output power supply. 


Our CONVER 6000 Series is a sophisticated multi-output 
power supply utilizing a state-of-the-art packaging approach. 
And there's a second source to guarantee availability. 

The CONVER 6000 Series offers advanced per- 
formance features, such as digital remote margin 
control, remote on/off and sequencing, faulty channel 
LED indicator, and signals for out of tolerance, input 
power failure, and current limit. 

The CONVER 6000 Series offers more reliable 
performance, because of its modular p.c. board 
construction and conservative design. That means 
a longer operating life, with fewer repairs. 

And if you ever need to make a repair, it'll 
take less time to do it—and less money, too — 
because you won't need a whole new unit —just a 
field-replaceable module. 

Speaking of less money, that's another 
advantage the CONVER 6000 Series offers 
you —cost savings, because of its p.c. board 
construction and standardized modules. 

It's available with three independent 
outputs, two at 600 watts and one at 350 watts. 
Total power is 1300 watts. Total size is 
8” x 8" x 1314" UL listed. And it's 
guaranteed for six years. 

And its available right now. 

Just contact us at 10631 
Bandley Drive, Cupertino, CA 95014. 
Phone [408) 255-0151. 

ae CONVER 6000 Series 
Multi-Output Power Supply. More CONVER 
proof that we're going to change the 
way you think about power supply 
suppliers. Maybe you should think 
about changing to us. 


ne ne 


CIRCLE 96 ON INQUIRY CARD 


PRODUCTS 


TERMINAL STORAGE UNITS 


182 


Variable top of form, programmable 
answerback, and editing capability for 
store and forward data communications 
applications are supplied in the TSU 
series. These capabilities are handled 
by TextEdit I! software stored in P/ 
ROM. Containing communications abil- 
ity, the TSU-O and -1 are single PC 
boards designed to replace an RS-232 
interface on model 43 Teletype® print- 
ers. Models 4, 8, and 12, containing 
4k, 8k, or 12k char of storage respec- 
tively, operate with any ASCII terminal 
having an RS-232 interface. Tri-Data 
Corp, 505 E Middlefield Rd, Mountain 


View, CA 94043. 
Circle 218 on Inquiry Card 


176 MBytes of PDP-11 
disk storage for 
$1000's less! | J 


You can have up 
to 176 MBytes of 
formatted storage in 
an all-new moving- 
head disk memory 
system from 
Computer Labs. The 
M7000 uses a single 
floor-standing drive 
which plugs into your 
DEC PDP-11 Mini- 
Computer without 
any hardware or 
software alterations. 
It looks just like a DEC 
RJP-05 or RJP-06 to the Unibus. 

This system is completely compatible with 
DEC disk-pack media and software such as RT-11, 
RSX-11, RSTS, MUMPS, etc....but it costs thousands 
of dollars less. In fact, add-on drives for this 
system cost about 50% of the DEC equivalents. 

Computer Labs also offers PDP-11 users a 
selection of disk memory systems equivalent to 
the RK-05 with storage capacities through 
20 MBytes, and tape memory systems compatible 
to TM-11. Call or write now for all the details. 


COMPUTER LABS-— £2 


COMPUTER LABS, INCORPORATED 
505 EDWARDIA DR. @ GREENSBORO, N.C. 27409 @ 919/292-6427 @ TWX 510-922-7954 
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5.25” FLOPPY DISC DRIVE 


Said to use two-thirds less power than 
competitive models, 6106 has 40-track 
capacity and 12-ms track-to-track ac- 
cess time. It can operate in both FM 
and MFM recording modes and pro- 
vides up to 250k-bytes unformatted ca- 
pacity on one side of the disc. Non- 
frictional ball race is used for head po- 
sitioning. Systems-oriented options in- 
clude software-controlled door inter- 
lock, head-loaded activity LED, and 
head-load control that is separate from 
the select control. Computer Products 
Dept, BASF Systems, Crosby Dr, Bed- 
ford, MA 01730. 
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BISYNCHRONOUS 
COMMUNICATIONS CONTROLLER 


Bisynchronous Intelligent Cable enables 
any Naked Mini computer to communi- 
cate with any terminal or device that 
uses industry std BSC protocol. The 
controller provides serial-to-parallel and 
parallel-to-serial conversion, manages a 
microprogrammed block check, controls 
the operation of the unit’s multicharac- 
ter receive and transmit buffers, and 
features automatic character insert/ 
delete capability. Computer Automation 
Inc, 18651 Von Karman, Irvine, CA 
92713. 
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HIGH DENSITY, HIGH 
RESOLUTION CRT MONITOR 


Noninterlaced VR-800 raster scan mon- 
itor has a horizontal scan rate of 50 
kHz and a video bandwidth of 65 MHz. 
The full page CRT displays 800 visible 
scan lines and refreshes at 60 cycles/s. 
The display holds 66 lines of 7 x 9 
char on black and white high speed 
phosphors. It is intended for use in 
word processing, graphics, and other 
high density, high resolution applica- 
tions. Moniterm Corp, Box 262, Long 
Lake, MN 55356. 
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Quality print is 
Sprint 5's 
trademark. 


SPRINT 5 


For all those times when you 5 does more than give you out- graphs, and justifies text. With 
wish your computer could print standing print quality. Much more. switch selectable 10 or 12 character 
letter quality, you need a Sprint 5 Thanks to our dynamic position- per inch spacing. 

Daisywheel Terminal from Qume. ing feature, it easily plots, creates What’s more, Sprint 5 comes with 

Its fully-formed characters are a wide selection of MultiColor™ 
always clear, distinct, eminently ribbons including red/black. And 
readable. (Even after they’ve been UMe. over 60 different typefaces. 
enlarged 1000%.) p The Sprint 5 Daisywheel Ter- 

Perfect for executive reports, the printed word minal and RO Printer from Qume. 
financial statements, When it comes 


to dots versus 
daisies, our 
advantages are 
easy to see. 


and any other 

application where 

neatness counts. 
But the Sprint 


For more information, contact your nearest data terminal dealer or Qume, 2323 Industrial Parkway West, Hayward, California 94545. 
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MODEM POLLING 
PERFORMANCE TESTER 


Model 1700, a microprocessor based 
unit for testing polling performance of 
synchronous and asynchronous mo- 
dems, can be used over either actual or 
simulated switched, private line point- 
to-point, or private line multidrop net- 
works. {t performs polling tests of on- 
line data communications equipment for 
fault isolation and system performance 
verification. Unit distinguishes between 
outbound and inbound polling message 
errors. Message errors can be deliber- 
ately introduced to verify network con- 
tinuity. International Data Sciences, Inc, 
7 Wellington Rd, Lincoln, Rl 02865. 
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Full Size. 


184 


‘6PDT Toggle 


Switch 


2 million cycles 


for computers, minicomputer and main frame 
formating, data communications equipment, medical, 
industrial instrumentation, and stop-start test switching 


T-BAR Series 202 6PDT Mini-Paddle 
are designed for ‘‘must operate” applice 
Edge-to-Dome™ bifurcated contacts 
reliability that protects the integrity | 

millions of circuits during continuous 
periods of inoperation. The 202 retai 

istics through 2-million operations. Call 


Thar” 


SWITCHING COMPONENTS DIVISION 
141 Danbury Road Wilton, CT 06897 Telephone: 203/762-8351 TWX: ; 
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LOGIC STUDENT 
TRAINING DEVICE 


Self-pace Logic Trainer™ model 100 
trains students for digital electronic re- 
lated assignments, by using physical 
logic state manipulation and visual dis- 
play. It includes all gates, positive and 
negative edge triggered devices, mas- 
ter/slave clocking, and preset and clear 
functions. Switch circuit and Venn di- 
agram problems as well as BCD and 
binary counting modes are supplied. 
The unit contains a manual, 40 digital 
problems, and a 9-V battery. L. J. 
Broder Enterprises Inc, 3192 Darvany 
Dr, Dallas, TX 75220. 
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ACOUSTIC COUPLER FOR 
MODEL 43 DATA TERMINAL 


sa 


Designed to operate with Teletype 
Corp’s model 43 data terminal, acous- 
tic telephone coupler handles data at 
a rate of 0 to 450 baud, combines 
acoustic and hardware line coupling, 
and high sensitivity. The coupler inter- 
faces to TTL of the terminal, eliminat- 
ing the need for an EIA interface. Om- 
nitec Data, 2405 S 20th St, Phoenix, 
AZ 85034. 
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CUSTOM-PROGRAMMED 
LOGIC CONTROLLER 


Prepackaged solid-state model SK-1500 
replaces individually wired control relay 
systems, and is said to eliminate 90% 
of the wiring time and space required 
for conventional systems. It can be used 
to actuate sequential steps in functions 
of such automated systems as ma- 
chine tools, packaging equipment, and 
metal stamping production lines. Use 
of 100% CMOS ICs plus integral cir- 
cuitry for input noise rejection elimi- 
nates noise. Entertron Industries, Elli- 
cott Sta Box 15, Buffalo, NY 14203. 
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THE BEST 300 LPM 
PRINTER ON THE MARKET 
IS NOW EVEN B 


In order to build up a customer base of more than 40,000 units 
in three sper he have to have a superior printer. And no matter how you 
look at it, the Teletype* model 40 printer has a lot going for it. 

Look at cost. Nowhere does anyone offer as much in a 300 LPM 
printer for as little as the model 40 costs. At the OEM price of under $2000, 
it even compares favorably against low-speed printer costs. 

Look at reliability. The model 40’s unique design utilizes a 
minimum of moving parts for a maximum of on-line time. Plus proven LSI 
(Large Scale Integration) circuitry handles many functions formerly performed 
mechanically. This reduces hardware requirements and increases printer life. 

Look at features. The unit is completely operational to give you 
everything necessary to go on-line. You also get 32 switch-selectable no-cost 
options to choose from, easily changeable character sets, and self-diagnostics. 

Finally, look at product support. Not only do we offer nation- 
wide service, we'll maintain your printer for as little as $23 per month—and 
that includes labor and material. 

With all that going for the model 40, how could we make it even 
better? Two ways. 

First, we gave it a new, simplified OEM interface. Simply com- 
mand the motor on, watch for the next character command, and send data. 

Next, ribbon life has been significantly extended with our new 
re-inker mechanism that’s available as a low-cost option. 

No wonder we're getting a reputation as the OEM printer people. 


THE OEM PRINTER PEOPLE 


*Teletype is a trademark and service mark of the Teletype Corporation. 
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Standalone system for designing, doc- 
PRODUCTS umenting, and programming PAL ICs 
translates Boolean equations directly 


into PAL fuse patterns, displays the re- 
sulting pattern on the terminal, and, 
upon command, blows the fuses in a 


PROGRAMMABLE ARRAY new PAL device according to the pat- 
LOGIC DESIGN SYSTEM tern. CYMPL-1™ also reads the pattern 


from a previously programmed PAL and 
programs new devices accordingly, 
without the use of equations. Benchtop 
47 x 14 x 48-cm cabinet unit offers 
two verification modes. Cybernetic 
Programming Systems, Inc, 175 Jeffer- 
son Dr, Menlo Park, CA 94025. 


Circle 226 on Inquiry Card 


Model 1200... 


The Heavyweight King 


of the Chain rain’ 
Printer Family. 


The top of the line in DPC’s patented family of ChainTrain line printers is 
the Model 1200. Its heavy-duty construction and rugged dependabil- 
ity, coupled with its blazing 1200 LPM speed, make it the prime choice 
for computer room applications where there is a continual flow of work 
on awide variety of forms. 

So, if you've got a heavy workload, the completely microprocessor 
controlled ChainTrain 1200 has the muscle to pull you through. For an 
impressive list of specs, including information about our free, 30-day, 
in-house trial, get in touch with us today. We'll tell you more about 
our Heavyweight Champ than Howard Cosell ever knew about 


Muhammad Ali. DATA PRINTER CORP 
99 Middlesex Street, Malden, MA 02 148 
Tel: (617) 321-2400 TWX:710-348-0794 
Regional Sales Offices: Clifton, NJ, Costa Mesa, CA 
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WIDE INPUT RANGE 
SWITCHING POWER SUPPLIES 


Without jumpers, switches, or taps, the 
15- to 75-W switching power supplies 
operate from 90 to 250 Vac. Brownout 
protection is offered since usable op- 
eration may be extended to any input 
voltage as low as 50 Vac. A single- 
transistor, single-transformer flyback de- 
sign is used. Single, dual, and triple 
outputs are available in either open 
frame designs or rfi resistant enclosed 
packages. Converter Concepts, Inc, 435 
S Main St, Pardeeville, WI 53954. 
Circle 227 on Inquiry Card 


DESK AND CPU CABINET 


Workstation is available with 24 x 48 
or 32 x 60” (61 x 122 or 81 x 152-cm) 
black laminant desk top and 23 x 26 x 
23.5 or 23 x 26 x 32” (58 x 66 x 59.7 
or 58 x 66 x 81-cm) simulated walnut 
grain finish cabinet with black laminant 
toe-kick. Cabinet has transparent bronze 
plexiglass door with chrome hardware 
and maaqnetic lock, removable back 
panel, RETMA std 19” (48-cm) rack, 
and optional adjustable shelves. Group 
Two, 4901 Morena Blvd, Suite 305, San 
Diego, CA 92117. 

Circle 228 on Inquiry Card 


RUGGEDIZED 
GRAPHIC DISPLAY SYSTEMS 


Program compatibility between com- 
mercial and ruggedized hardware is 
achieved by microprogrammable graph- 
ics generators models 8295/8395. Both 
feature modular hardware to accommo- 
date configurations depending on data 
load, data update, graphics complexity, 
and multiterminal needs. 8295 provides 
up to 12k of MOS RAM refresh memory 
and interfaces to Harris Slash 4, 5, and 
6, Modcomp II, and SEL 32/55. Rug- 
gedized 8395 features 16k mag core re- 
fresh memory, with internal memory 
save. Aydin Controls, 414 Commerce 
Dr, Fort Washington, PA 19034. 

Circle 229 on Inquiry Card 


MULTIPROCESSING DUAL PORT 
MEMORY SUBSYSTEM 


Intel Multibus™ and National Semicon- 
ductor compatible RM-117 random ac- 
cess subsystem has virtual memory to 
support up to 1M bytes of storage and 
provides 2 logically independent paths 
to a common memory. 20-bit wide inter- 
nal memory address can be generated 
from the Multibus or through virtual 
memory. 350-ns internal memory cycle 
time gives effective 700-ns speed if 
both ports are being accessed simul- 
taneously. Basic board consists of dual 
Multibus interfaces, contention resolu- 
tion, dynamic address translation and 
protection, and 16k bytes of memory. 
Datacube SMK Inc, 670 Main St, Read- 
ing, MA 01867. 

Circle 230 on Inquiry Card 
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Jim Springer is building what will be the 
largest industrial data acquisition system in 
the world. This system will be used on 
development and testing by one of the world’s 
largest producers of diesel engines. 


po 
, U cal 


To implement the system, Jim chose 
MODCOMP'’s Classic® Computers, the MAX IV 
operating and communications system, and 
the MAXNET IV network extension. 
“Network software capability is the key.” 

“The MAXNET IV network extension 
integrates all 120 computers in the system. 
This provides us with the performance 
characteristics of a stand-alone system, 
and the economic advantages of network 
resource sharing. 

“In a real-time environment, that’s 
essential.” 

“MODCOMP gives us the high speed 
and performance we need — at a cost we 
can afford.” 

“The MAX IV operating system is ideal for 
this type of real-time multi-programming 
because it provides 256 K-bytes of directly 
addressable memory. And with the Classic's 
extremely fast floating-point processor, we 
have more than enough speed. 

“This is essentially the same system we 
specified for testing NASA’s Space Shuttle. 
Ordinarily, that kind of superior quality and 
reliability would be out of reach for industry. 


“BEFORE WE COULD BUILD THE WORLD'S LARGEST 
INDUSTRIAL DATA ACQUISITION SYSTEM, 
WE NEEDED NETWORK AND 


SYSTEMS CAPABILITIES WE 
COULD DEPEND ON.” 


“ONLY MODCOMP HAD THEM.” 


Jim Springer, Director of Data Systems, 
AVCO Electronics, Huntsville, Ala. 


But because of their experience with the NASA 
system, only MODCOMP could meet the 
assigned high performance levels at a cost 
industry can afford.” 

“MODCOMP’s tougher on their equipment 
than we are.” 

“Our customer was concerned about 
equipment reliability in their plant. And with 
good reason. The temperature can get as high 
as 120 degrees. But we've seen the Classic 
perform in worse places. MODCOMP’s 
‘hot room’ test facility, for instance. That’s 
132 degrees.” 

“Obviously we have a lot of faith in 
MODCOMP.” 

“We're just in the first phase of this system. 
But we have to know that, say, 3 years from 
now, the hardware will be available and that 
the software can be implemented or 
interchanged as needed. 

“We recommend MODCOMP because we 
have a lot of faith in them. In their company, 
their equipment and their service. 

“We know they can deliver. It’s as simple 
as that.” 

At MODCOMP, we specialize in building real 
time computer systems and the network 
software capability to make them work. 

Easily. Reliably. Affordably. And with the 
kind of performance you'd expect to find in the 
world’s largest industrial data acquisition 
system. 

If that’s what you're looking for from a 
computer system supplier, do what Jim 
Springer did. Call MODCOMP. 


*“MODCOMP 


Dedicated to your success 
Modular Computer Systems, Inc. 
1650 McNab Road, Ft. Lauderdale, FL 33309 
(305) 974-1380 


Sales offices: Atlanta, GA @ Boston, MA ® Chicago, IL ® Cincinnati, OH ® Dallas, TX ¢ Denver, CO @ Detroit, MI @ 
Hartford, CT ¢ Houston, TX @ Los Angeles, CA ® Clark, NJ @ Orlando, FL @ Pittsburgh, PA ® San Jose, CA ® Washington, DC 
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PRODUCTS 


SPEECH PLUS 
MULTIPLEX TERMINALS 


SPMT-7 series permits simultaneous 
transmission and reception of single 
audio channel plus a number of tele- 
graph or data channels over a normal 
voice-grade telephone or radio circuit. 
Terminals are designed around fre- 
quency-programmable frequency shift 
transceiver. For alternate voice/data or 
data plus, delay equalized filters are 


available to permit 4800/9600-bit/s 
data communication simultaneously with 
low speed TTY. Coherent Communica- 
tions Systems Corp, 85D Hoffman Lane 
S, Central Islip, NY 11722. 

Circle 231 on Inquiry Card 


ClQ Series 


9”and 12” 
CRT 
DISPLAY 
MONITORS 
with a 
Horizontal 
Rate of 
15.72 KHz 


Compatible with 
TV120 or TV9O0 
Priced Below the 
Competition 
Built-in Quality, 
Performance, 
Dependability 


The low-cost CIQ-9 and CIQ-12 CRT 
Display Monitors with a horizontal rate of 
15.72 KHz provide data equipment manu- 
facturers with sharp, highly reliable image 
presentation. 

Separate horizontal drive, vertical drive, 
and video signal inputs mean elimination of 
composite sync and video signal process- 
ing and simple output circuitry. 

The completely new design of the com- 
pact integrated PCB utilizes the latest semi- 
conductor and other components, providing 
a dependable performance level never 
before possible. 

Delivered with P4 phosphor as standard. 
Available options are P31 and P39 phos- 
phors, sturdy zinc chromate plated chassis 
and a power supply module which is com- 
Patible with practically any power supply 
Standard in the world. 


FEATURES 


¢ Uniform High Resolution 
* Integrated PC Board 

¢« Dependable Construction 
¢ Squareness of Picture 


<Q C. ITOH ELECTRONICS, INC. 


5301 Beethoven Street Los Angeles, Calif. 90066 


Chassis Version Telephone: (213) 390-7778 Telex: (WU) 65-2451 
280 Park Avenue, New York, NY 10017 
Telephone: (212) 682-0420 Telex (WU) 12-5059 
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PROGRAMMABLE FREQUENCY 
SYNTHESIZER SUBSYSTEM 


Model 5620A, designed as a direct 
build-in for OEM applications where re- 
quired controls are normally provided 
by the host system, is a direct synthe- 
sizer with no _ phase-locked loops. 
Switching time is 20 us max. Spurious 
harmonic output is better than 35 dB 
below fundamental; close-in phase 
noise is 70 dB min below fundamental. 
Intended for use with 5- or 10-MHz 
external frequency standard, unit pro- 
vides choice of 0.1-, 1-, 10-, 100-, 1k-, 
or 100k-Hz frequency resolution. Reso- 
lution is constant over 160-MHz operat- 
ing range. Rockland Systems Corp, 
Rockleigh Industrial Pk, Rockleigh, NJ 
07647. 
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DATA GENERATOR 
SYNCHRONIZING UNIT 


Allowing parallel operation of very high 
frequency data generators and achiev- 
ing up to 16 parallel data patterns at a 
400M-bit/s data rate, SYN-400 synchro- 
nizer operates 2 to 4 DG-400YH data 
generators in parallel. The synchroniz- 
er/data generator system operates from 
100 to 400M bits/s from an external 
clock source. It provides clock distribu- 
tion to the data generators, and con- 
trols individual data generator reset and 
clock signals to achieve synchronous 
operation. Tau-Tron, Inc, 11 Esquire 
Rd, North Billerica, MA 01862. 
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SUBMINIATURE 
LED PANEL LAMPS 


Series 30 super-bright LEDs fit in 0.190” 
(4.826-mm) mounting holes and feature 
wirewrap terminals. Red, amber, and 
green lamp colors have respective lumi- 
nous intensities of 50, 32, and 25 mcd 
at a drive current of 20 mA. Available 
with either regular or low profile Fres- 
nel lenses, as well as clear or diffused 
std LED encapsulation, subminiature 
lamps are available with built-in resis- 
tors. Data Display Products, 303 N Oak 
St, Inglewood, CA 90301. 
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VIDEO COMPUTER TERMINAL 


VT-4800 CRT terminal has IBM Selec- 
tric keyboard, 19 P/ROM programmable 
keys, 4k bytes of RAM and more than 
11k-h MTBF. Other features include 
cursor addressing by keyboard or soft- 
ware, char read at cursor position (on 
8-bit bus), scroll up and down through 
data (up to 16k bytes), page increment 
and decrement, and selectable baud 
rates from 110 to 9600. Addition of 
graphics board upgrades unit to vector 
graphics terminal. SLM, Inc, 2366 Walsh 
Ave, Santa Clara, CA 95050. 

Circle 236 on Inquiry Card 
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Florida Data has 
the printer for 
the next 5 years 


Are you worried about sys- | ~S. 


tem throughput growing 
faster than your printer 
capability? Then talk to 
Florida Data Corpora- 
tion about the printer 
for the next five years! 
FDC’s Model PB- 
600A can keep the pace 
with total system growth 
— itis the fastest character 
matrix printer on the mar- 
ket. Its print speed is 600 
characters per second — that 
means 230 Ipm at full 132 col- 
umn width or more than 1000 Ipm in 
shorter lines. 


Print-heads for FDC printers are 
manufactured in-house with proprietary 
technology. 


The secret of the PB-600A’s out- 
standing performance is the pro- 
prietary print-head technology 
developed by FDC. We manufacture 
our own print heads. Print head life 
exceeds any other character matrix 
printer; FDC heads are warranted 
for one full year. 

Our head technology was a long 
time coming — the engineers who 
developed it brought a total of more 


+ 
< 
2 
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Model PB-600A is the fastest character 
matrix orinter on the market. 


than 200 years’ combined experi- 
ence to the task. But it was worth 
waiting for. Now you can enjoy line 
printer output at serial printer prices, 
with the added benefits of excep- 
tional reliability and outstanding 
customer support. 

The PB-600A has all the other 
features you'd expect in a high-qual- 
ity printer designed especially for 
OEM customers. 

There are no duty cycle or page 
density restrictions on the print head; 
this means continuous printing, hour 
after hour. Standard PB-600A fea- 
tures include microprocessor con- 
troller, forward/reverse printing, an 
894-character buffer, internal test 
capability and switch selection of four 
different type fonts. A two-channel 
paper tape reader provides vertical 
forms control. Paper tractors may be 


Distributor inquiries invited. 
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easily repositioned to accommodate 
*forms from 3" to 14%" in width, 
and a long-life ribbon pro- 


vides 20 million characters 

before replacement. 
Florida Data also of- 
fers the Medel BNY, a new 
binary printer that brings 
you computer graphics and 
plotting capability at an 
amazingly low price. This printer 
also offers a two-pass character font. 
Its appearance is very close to that 
of solid character printing. 


Volume production capability means 
economy, reliability for OEM customers. 


Enjoy the economy and reliability 
that come from high-volume output. 
Enjoy the OEM customer support 
that comes from a dedicated, expe- 
rienced technical staff. 


Get the details from: 
Florida Data Corporation, 
3308 New Haven Avenue, 
West Melbourne, FL. 
Telephone 305/724-6088. 


FDC 
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PRODUCTS 


DUAL-HEAD HIGH SPEED 
DISKETTE DRIVE 


Compatible with single sided IBM 33FD 
and 2-sided 43FD drives, the RFD 4000 
will store up to 1.6M bytes of unfor- 
matted data or 1M byte in IBM 128- 
byte sector format. Access time is 3 ms 
track to track with a 91-ms average 
seek time. One of the two ceramic 
read/write heads is fixed to the head 
carriage; the second is mounted on a 
movable head load arm attached to 
the carriage. Ex-Cell-O Corp, Remex 
Div, 17533 Alton St, Irvine, CA 92713. 
Circle 237 on Inquiry Card 


DATA LINK FOR PLASTIC 
FIBER OPTIC CABLE 


Separately packaged 3712T transmitter 
(TTL in/light out) and 3712R receiver 
(light in/TTL out) when used with fiber 
optic cable comprise a simplex data 
link providing 20k-bit operation. Re- 
ceiver requires =15 Vdc at +20 mA, 
with 5-nW optical power input; trans- 
mitter needs 5 Vdc, 60 mA max, and 
launches 3.5 u.W of optical power into 
40-mil 0.53 numerical aperture fiber. 
Units, housed in 41 x 77 x 16-mm metal 
packages operate with 10° bit error 
rate and 28.5-dB cable and connector 
loss. Burr-Brown Research Corp, Inter- 
national Airport Research Pk, Tucson, 
AZ 85734. 
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LCD CONNECTOR 


$420U series connectors clip onto std 
DIL LCDs, eliminating the need for 
epoxy or frames. Available for glass 
thicknesses of 0.036 to 0.062” (0.09 to 
0.157 cm), the connectors are supplied 
with any number of contacts up to 40 
on 0.1” (0.25-cm) centers. Tin plated 
brass alloy contacts are integral with 
their corresponding pins and cast into 
the connector body. Each contact ter- 
minates in the company’s Cone Point®. 
Teledyne Kinetics, 410 S Cedros Ave, 
Solana Beach, CA 92075. 
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InGaAsP DOUBLE 
HETEROJUNCTION LEDs 


For fiber optic communications, these 
developmental quaternary devices allow 
the emission wavelength to be tailored 
between 1.05 and 1.35 um, to match 
the optimum transmission and disper- 
sion properties of silica fibers at the 
optimum wavelengths near 1.27 um. A 
lattice matched InGaAsP/InP double 
heterojunction structure is used. Op- 
tical power output of the LED is 0.5 
mW min with a modulation bandwidth 
of 50 MHz. Varian Associates/LSE Div, 
611 Hansen Way, Palo Alto, CA 94303. 
Circle 240 on Inquiry Card 


HYBRID 
SOLID-STATE RELAY 


Capacities of 5, 10, 25, and 40 A com- 
prise the 7800 series having a reed re- 
lay input and triac output. Life expect- 
ancy is 100M operations. Logic com- 
patible units feature random switching, 
internal RC snubber, and diode clamped 
input. Electrical characteristics include 
an ac switching voltage range of 24 to 
140, 24 to 280, and 24 to 280 V rms, 
47 to 63 Hz. Op temp range is —30 
to 80 °C and storage temp is —40 to 
100 °C. Hamlin, Inc, Lake and Grove 
Sts, Lake Mills, WI 53551. 

Circle 241 on Inquiry Card 
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See page 81 
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FLEXIBLE DISC INITIALIZER 


This self-contained, microprocessor 
controlled system offers ‘fully automatic 
formatting of any single-sided 8” (20- 
cm) flexible mag disc. It is designed 
for disc initialization to any IBM com- 
patible soft-sector format. The stand- 
alone or rackmount system is prepro- 
grammed for 128-, 256-, and 512-byte 
sector formats, with other formats avail- 
able. In operation, all 77 disc tracks are 
automatically formatted in <45 s with 
appropriate sector ID and data fields; 
the index track is recorded; and the en- 
tire disc format is verified. Three 
Phoenix Co, 10632 N 21st Ave, Phoenix, 
AZ 85029. 

Circle 242 on Inquiry Card 


CRT TERMINAL WITH 
32 ADDED FUNCTIONS 


Storage of up to 32 operator pro- 
grammed or downloaded function mes- 


sages, totaling up to 527 char, has 
been added to the model 1061. All 
functions (forms, control sequences, 
answerbacks, or any ASCII message) 
may be entered and called up by a 
simple escape sequence; 8 common 
functions may be initiated with dedi- 
cated keys on the keyboard. Another 
added feature is programmable secure 
fields (blank field modifier in lieu of 
blink). Research Inc, Teleray Div, PO 
Box 24064, Minneapolis, MN 55424. 
Circle 243 on Inquiry Card 


10-ELEMENT LED DISPLAY 


RBG-1000 offers ten 0.15 x 0.04” (3.81 x 
1.02 mm) diodes arranged on 0.1” (2.54 
mm) centers in a 20-pin, 300-mil (7.62- 
mm) DIP. Elements are individually ad- 
dressable at both anode and cathode. 
Available in std red and additional 
colors, luminous intensity with all seg- 
ments lighted is 2.8 mcd, typ. Power 
dissipation at 25 °C is 500 mW. Forward 
currents and voltages, respectively, are 
20 mA and 2.5 V max (1.65 typ). Li- 
tronix, 19000 Homestead Rd, Cuper- 
tino, CA 95014. 

Circle 244 on Inquiry Card 
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TRS-80 ** HEX ENCODED ** 


SERIALI/O 


e RS-232 compati- 
ble e Can be used with 
or without the expan- 
sion bus e On board 
switch selectable baud 
rates of 110, 150, 
300, 600, 1200, 2400, 
parity or no parity odd 
or even, 5 to 8 data 
bits, and 1 or 2 stop 
bits. D.T.R. line. Board 
only $19.95 Part No. 
8010, with parts $59.95 
Part No. 8010A, as- 
sembled $79.95 Part 
No. 8010C. No con- 
nectors provided, see 
below. 


KEYBOARD 


This HEX keyboard 
has 19 keys, 16 encod- 
ed with 3 user defin- 
able. The encoded TTL 
outputs, 8-4-2-1 and 
STROBE are debounced 
and available in true 
and complement form. 
Four onboard LEDs 
indicate the HEX code 
generated for each 
key depression. The 
board requires a single 
+5 volt supply. Board 
only $15.00 Part No. 
HEX-3, with parts 
$49.95 Part No. HEX- 
3A. 44 pin edge con- 


nector $4.00 Part No. 


EIA/RS-232 con- 
nector Part No. 
OB25P $6.00, with 
8’, 8 conductor F 
cable $10.95 Part 
No. OB25Ps. 


3’ ribbon cable 
with attached con- 
nectors to fit TRS- 
80 and our serial 
board $19.95 Part 
No. 3CAB4O. 


(ill Ti 


S-100 BUS 


ACTIVE TERMINATOR « 


Board only $14.95 Part No. 900, with parts 
$24.95 Part No. SO0A 


(dipess FE 


9 AND 13 SLOT wm... 
MOTHER BOARDS 


All traces are reflow solder covered and both 
sides are solder masked. The connectors 
used on these boards are the IMSAI™ type 
(125” between pins, .250” between rows). 
Spacing between connectors is .750”. All 
lines, except power and ground, have a 
passive RC network termination available. 
There is a kluge area available that will accept 
two 40 pin sockets and one 36 pin socket. 
The circuitry for supplying three separate 
regulated voltages to the kluge area is 
contained on the board. Part No. QMB-12 
$40 bare, $105 kit, $120 assembled. Part 
No. QMB-9 $35 bare, $90 kit, $105 
assembled. 


To Order 


4K EPROM wzz,.. 


This board is designed to operate with any 
speed or power 1702A. Addressable in 4K 
byte increments and can be configured to 
occupy either 2K or 4K segments. It can be 
populated one memory chip at a time. Bare 
board $30, board with parts $200, assembled 
$230. Part No. EPM-1 
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16K OR 32K EPROM 

(WIE ine. 
Designed to operate with any speed or power 
2708 or single voltage (+5V) 2716. Address- 
able in 4K increments and can occupy 
multiples of 4K. It can be populated one 
memory chip at a time. Has bank addressing 
and Phantom Disable. The board comes with 
an exclusive software program that can be 
placed ina 2708 or 2716 that will, when used 
in conjunction with a RAM memory board, 
check out every line on the EPM-2. Bare 
board $30, board with parts with 2708 
$455, assembled $485. Board with parts 
with 2716 $1,225, assembled $1,255. Part 
No. EPM-2 


PIICEON 


65K DYNAMIC RAM 


Main memory for microcomputers, intelligent 
terminals, business systems, medical sys- 
tems, and OEM systems. e High density 
random access memory 48K bytes or 64K 
bytes e Fully buffered e S-100 bus compat- 
ible e Low power (dynamic memory) e Trans- 
parent refresh e Digital delay line techniques 
for reliable operation e Multiple boards 
allowed using hardware or software controlled 


* bank select e “Phantom” signal for RAM/ 


ROM overlap e All boards are fully tested 
prior to shipment. Operating System test 
and extensive bit pattern testing. e Works 
directly in BO8OA processors or Z-80 
environment at 2MHz e Currently used by 
industry @ 1 year warranty. Only available 
assembled and tested with 48K $1,250 Part 
No. 48K, or with 65K $1,475 Part No. 65” 


8080A Cc PU (With Eight Level 


Victor Interrupt Capability) WIC ine 


Uses the BO80A and the 8224 clock chip. 
The crystal frequency used is 18 MHz and 
the vector interrupt chip is the 8214. The 
board will function normally without the 
interrupt circuitry. When the interrupt 
circuitry is built up, the board will respond to 
eight levels of interrupts. Designed to be a 
plug-in replacement for the IMSAI CPU board 
and will work in other computers with the 
appropriate modifications made to the ribbon 
cable connector pin out from the front panel. 
The board will work in systems without a 
front panel if the system has a PROM board 
that simulates the functions of the front 
panel. Bare board $30, with parts $185, 
assembled $220. Part No. CPU-1 
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STATIC RAM 
[WINE ine. 
Operates with any speed or power 2114. All 
input and output lines are fully buffered. 
Addressable in 4K byte increments. If the 
system has a front panel, the board will allow 
itself to be protected. If there is no front 
panel, the board will not allow itself to be 
protected. The board has Bank Address 
capability, Phantom Disable, MWARITE, and 
selectable wait states. Bare board $30, 

board with parts S665. Part No. MEM2 


8K EPROM (=itceon 


Saves programs on PROM permanently (until 
erased via UV light) up to BK bytes. Programs 
may be directly run from the program saver 
such as fixed routines or assemblers. e S- 
100 bus compatible e Room for 8K bytes of 
EPROM non-volatile memory (2708's). e On- 
board PROM programming e Address 
relocation of each 4K or memory to any 4K 
boundary within 64K e Power on jump and 
reset jump option for “turnkey” systems and 
computers without a front panel e Program 
saver software available e Solder mask both 
sides e Full silkscreen for easy assembly. 
Program saver software in 1 2708 EPROM 
$25. Bare board $35 including custom coil, 
board with parts but no EPROMS $133, with 
4 EPROMS $179, with 8 EPROMS $219. 


» Mention part number, description, and price. In USA, shipping paid for orders accompanied by check, money order, or Master Charge, BankAmericard, or VISA 
« number, expiration date and signature. Shipping charges added to C.0.D. orders. California residents add 6.5% for tax. Outside USA add 10% for air mail 


postage and handling, no C.0.D.'s, Checks and money orders must be payable in US dollars. Parts kits include sockets for all |Cs, components, and circuit 


P vESA | 


Parts." Dealer inquiries invited. 24 Hour Order Line: (408) 226-4064 
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board, Documentation is included with all products. Prices are in US dollars. No open accounts. To eliminate tariff in Canada boxes are marked “Computer 


3+ Circuits designed by John Bell 


ELECTRONIC SYSTEMS cv. 0. P0.Box 21638, San Jose, CA. USA 95151 
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PRODUCTS 


CRT TERMINAL WITH 
EXPANDED DISKETTE STORAGE 


Automatic dynamic file allocation ca- 
pability maximizes diskette storage ca- 
pacity on Microterm II intelligent desk- 
top CRT workstation. Storage space is 
assigned only as needed by system soft- 
ware. Terminal’s 1.2M-byte file capacity 
packs multiple records into single sec- 
tor, and supports indexed sequential, 
sequential, and direct access methods. 
File directory information for up to 11 
files at one time may be retained in 
RAM, allowing any file or record to be 
retrieved in a single access. Digi-Log 
Systems, Inc, Babylon Rd, Horsham, 
PA 19044. 

Circle 245 on Inquiry Card 


PLUG-IN MODULE TO CONVERT 
TYPEWRITER TO TERMINAL 


Model 5061 telecommunications module 
permits an IBM model 50 or 60 elec- 
tronic typewriter to operate as an ASCII 
computer terminal for use with micro- 
processors, CRTs, and other periph- 
erals. The module installs Inside the 
typewriter. It provides an RS-232 inter- 
face that operates at either 110 or 150 
baud. The converted typewriter has 
Selectric quality printout, with added 
features not usually found in computer 
terminals. Transaction Data Systems, 
Inc, 7015 Marcelle St, Paramount, CA 
90723. 

Circle 246 on Inquiry Card 


0.5” MAG TAPE CONTROLLER 


MTC-80, a single-board 6.75 x 12” 
(17.15 x 30.5-cm) formatter/controller, 
features IBM R/W compatibility for both 
NRZI and phase-encoded formats; 7 or 
9 tracks at densities of 200, 556, 800, 
or 1600 bits/in (79, 219, 315, or 630/ 
cm). Tape speeds of 25 and 37.5” (64 
and 95 cm)/s are currently supported. 
It is compatible with Intel MDS and 
SBC-80 microcomputer boards, Multi- 
bus™, and National Semiconductor 
BLC series. Zeta Research, Div of 
Nicolet Instrument Corp, 2300 Stan- 
well Dr, Concord, CA 94520. 

Circle 247 on Inquiry Card 


When nobody's got 
just what you need in 
Bubble Memories 


PERMAG’S 


Gotit! | 


In stock. Off-the-shelf. 24-hour 
delivery. Grinding to your prints 
Engineering assistance. Fabricating 
facilities. In addition, PERMAG has 
exotic, exclusive hard-to-get items. 
Complete facilities for measuring, 
testing, and producing special 
materials. 8 modern plants stocked, 
staffed, and equipped to meet your 
every requirement. 


Write for new catalog. 


IN THE MAGNETIC FIELD 
PERMAG IS NO. 1. 


UR NO. 1 SOURCE 
FOR ALL MAGNETIC MATERIALS 


ALL ACROSS THE COUNTRY 
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WAVE SOLDERABLE 
SLIDE SWITCHES 


The SL series of 6 types of enclosed 
detented and momentary/spring-return 
switches with low to medium current 
capacity contain no rivets, staking op- 
erations, or adhesives. Phosphor bronze 
and silver plated stationary contacts 
provide positive positioning and rigidity. 
Buttons, housing, and stators are fire 
retardant molded thermoplastic. Bifur- 
cated, double wipe sliding contacts 
straddle both sides of the stationary 
contacts. Standard Grigsby, 920 Rath- 
bone Ave, Aurora, IL 60507. 

Circle 248 on Inquiry Card 


RECEIVE-ONLY TELEPRINTER 


Available as a receive-only terminal or 
optioned with a keyboard, Datacom 
1200 uses bidirectional printing capa- 
bilities at a max print speed of 180 
char/s on line lengths of up to 132 
char. It has a 7 x 7 dot matrix. Reduc- 
ing printout time, the receive-only tele- 
printer serves as a hardcopy output de- 
vice and peripheral printer. With the 
keyboard, it functions as an input de- 
vice, for text retrieval, inquiry/response, 
and software program development. 
The Computer Communications Group, 
12th Floor, 160 Elgin St, Ottawa, On- 
tario K1G 3J4, Canada. 

Circle 249 on Inquiry Card 


Consult your Yellow Pages 
for address and 


telephone number : 
of Permag near you. e | 


division of 
CODEVINTEC PACIFIC INC 


6263 Variel Ave., Woodland Hills, CA 91367/(213) 348-1719/Telex 698474 
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Don't Miss! 


GL 


5th Annua/ oo 
Conference and Exhibit 


INDUSTRIAL 
APPLICATIONS 
OF MICROPROCESSORS 


March 19-21, 1979 


PHILADELPHIA SHERATON HOTEL (JFK Blvd.) 
PHILADELPHIA, PA 


INDUSTRIAL MICROPROCESSOR APPLICATION IN THE AREAS OF: 


Automotive diagnosis and operation Motor control 

Vehicle control/diagnosis @ Automated manufacturing 
Automated inspection & testing Energy systems/power systems 
“Intelligent” test instrumentation Numerical control & robotics 
Transducers Bimedical control & monitoring 
Data acquisition New digital electronics products for 
Process control industrial applications 

Consumer systems New control techniques 


—_——— eee 


FOR EXHIBIT SPACE FOR CONFERENCE INFORMATION 


Director of Expositions General Chairman 
Michael A. O'Bryant H.W. Mergler 
Information Gatekeepers, Inc. Department of El. Eng. 
167 Corey Road Suite 111 Case West. Res. Univ 
Brookline, MA 02146 Cleveland, OH 44106 
(617) 739 2022 (216) 368 4574 


PRODUCTS 


HIGH SPEED LINE PRINTERS 


Horizontal font printing mechanism on the 3300 series of 
commercial level medium to high speed printers can print 
up to 1500 lines/min. A double hinged print mechanism 
yoke assembly and a monorail print font guidance mechan- 
ism provide accurate print alignment. Character sets can be 
customized by individually removable slugs. Model 3300R is 
available for severe environments, the 3300N is both rug- 
gedized and reduced in size, and the 3300T is ‘‘Tempest”’ 
qualified for secure applications. Print speeds are 600 lines/ 
min with a 128-char set, 900 lines/min with 96 char, 1200 
lines/min with 64 char, and 1500 lines/min with 48 char. 
64-char ASCII and EBCDIC sets are std. Units have 5 speeds 
for forms advance, and 2 speeds each for backspacing of 
forms, moving forms right or left, and lateral tension ad- 
justment. Hetra, 1151 S Eddie Allen Rd, Melbourne, FL 32901. 
Circle 250 on Inquiry Card 


IEEE-488 DATA COUPLERS 


Microprocessor based interface devices enable older, non- 
compatible instruments to be used in IEEE-488 bus based 
systems. A model 4885 controller can control the bus system 
through any RS-232 serial command source. It accepts high 
level commands and 
generates the signals 
and character codes 
needed to send com- 
mands through the 
bus. Data from de- 
vices connected to 
the bus are transmit- 
ted back to the controlling source over the RS-232 data 
path. Model 4881 talker, 4882 listener, and 4883 talker/ 
listener transmit data into or from the bus and allow a sys- 
tems engineer or a programmer to connect existing instru- 
ments to the bus. The model 4884 coupler is a talker/ 
listener interface for RC-232 compatible devices, to connect 
all RS-232 computer peripherals to the IEEE-488 std bus. 
ICS Electronics Corp, 1450 Koll Cir, Suite 105, San Jose, 
CA 95112. 

Circle 251 on Inquiry Card 


650-ns, 32k-WORD CORE MEMORY 


Store/3220, a 32k x 20-bit-word 
nonvolatile core memory intended 
for applications where data in- 
tegrity and speed are primary 
concerns, is a_ self-sufficient 
planar unit fabricated on a single 
11.75 x 15.4 x 1.0” (29.8 x 39.1 
x 2.5-cm) card. Up to four cards 
can be linked in one chassis 
to give a maximum storage ca- 
pacity of 128k 20-bit or 64k 40- 
bit words. The memory is plug compatible with the Micro- 
memory-3000 interface. Worst-case power requirements are 
5 V at 3.9 A, 15 V at 6.25 A, and —15 V at 0.55 A. Operating 
temperature range is 0 to 50 °C; an optional extended 
temperature model operates from 0 to 70 °C. Boards may be 
housed in an optional 19 x 22.4 x 5.25” (48.3 x 56.9 x 
13.3-cm) chassis with a self-contained power supply. A self- 
test card option is also available. Dataproducts Corp, 6219 
DeSoto Ave, Woodland Hills, CA 91364. 

Circle 252 on Inquiry Card 
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SEQUENTIAL ZERO INSERTION FORCE CONNECTOR 


A contact timing mechanism on this ZIF edgeboard con- 
nector ensures that signal, power, and ground circuits make 
and break in the proper sequence during PCB mating and 
unmating. Placement of the rotary-cam actuator, combined 
with an open board slot at one end of the connector housing, 
permits entry of the board for packaging versatility. Top- 
entry versions are also available. A safety lock prevents the 
contacts from closing unless the board is properly positioned 
and helps hold the board in place. Double-sided or multi- 
layer boards 0.054 to 0.070” (1.372 to 1.778 mm) thick with 
up to 130 contact pads (65 per side) on 0.100” (2.54-mm) 
centerline spacing, or up to 100 contact pads (50 per side) 
with 0.125” (3.175-mm) centerlines, or up to 86 contact pads 
(43 per side) with 0.156” (3.962-mm) centerline spacing can 
be used with this connector family. Tandem arrangements 
with up to 240 contacts (120 per side) are possible. AMP Inc, 
Harrisburg, PA 17105. 

Circle 253 on Inquiry Card 


LOW COST 24-PIN DIP FIBER OPTIC LINKS 


DipLink-1, part of the Fibercom® family, is the first in a series 
of TTL or CMOS compatible, complete fiber optic links in 
24-pin DIPs. The transmitter module has a pigtailed visible 
LED operating at 670 nm, while the receiver module contains 
a pigtail photodetector. Both modules are 0.4” (1 cm) high. 
Dupont PFX-P140 plastic core 0.5-m long fiber optic pigtails 
are compatible with AMP’s low cost Optimate connectors. 
Data rate, without the necessity of encoding, is from dc to 
1M bytes/s over distances of 15 m. Rated performance allows 
for 2 splices of 2 dB each plus 3 dB for time and tempera- 
ture variations. Longer pigtails are offered as options. 12-V 
supplies can be used for CMOS operation, but the system 
requires 12 and 5 V for the receiver and 5 V for the trans- 
mitter for TTL compatibility. Radiation Devices Co, Inc, PO 
Box 8450, Baltimore, MD 21234. 

Circle 254 on Inquiry Card 


HANDHELD PORTABLE SIGNATURE 
ANALYZER LOGIC TESTER 


LS-120, a low cost troubleshooting aid 
particularly applicable for use with 
hobby and small business computers 
and peripherals, enables analysis of bit 
streams of data at IC nodes and loca- 
tion of faulty components. Signature 
data from the device under test are 
gated into the analyzer and presented 
in hexadecimal format on LEDs. The 
unit is said to operate at system speeds 
of 10 MHz or greater and have 25-ns 
input signal setup, diode clamp over- 
voltage protection, and >99.9% error 
detection capability with digital data compression for 16th 
order polynomial extraction of results. Options include an 
active probe with state LEDs for additional troubleshooting 
capability. Phoenix Digital Corp, 7745 E Redfield Rd, Scotts- 
dale, AZ 85260. 

Circle 255 on Inquiry Card 


COMPUTER DESIGN/FEBRUARY 1979 


WIDE INPUT RANGE 
DC-DC CONVERTERS 


Line of 9 models powers +5 V at 4 A, 
+12 V at 1.7 A, or +15 V at 15 A 
analog circuits from 12-, 24-, or 48-Vdc 
buses or batteries. Low output noise 
and ripple and use of high attenuation 
filter reduces kickback spikes and re- 
flected ripple caused by inverter switch- 
ing. High 1/O isolation separates out- 
put circuits from de bus. Either output 
can be grounded to provide + or — 
voltages. Low thermal masses and 
gradients minimize delay in reaching 
equilibrium after any change in operat- 
ing conditions from turn-on to full load 
swings. Shielded case minimizes radi- 
ated emi/rfi. Intronics, 57 Chapel St, 
Newton, MA 02158. 

Circle 256 on Inquiry Card 


MEDIUM POWER 
SWITCHING SUPPLIES 


ie 


Little-MITE™ series of 250 to 600 W, 
convection cooled switching power sup- 
plies incorporates an IC control chip to 
reduce number of components and in- 
crease reliability. Series offers 92. to 
130 or 184 to 260-Vac, 47- to 440-Hz 
input range for brownout protection. 
Power fail signal is triggered 16 ms 
after ac power loss; outputs remain in 
regulation for 20 ms after nominal 
power is removed. LH Research, Inc, 
1821 Langley Ave, Irvine, CA 92714. 
Circle 257 on Inquiry Card 


4- AND 5-OUTPUT OPEN 
FRAME SWITCHING SUPPLIES 


SBC series power supplies have 0.2% 
max line regulation and load regulation 
of 0.3% max for 5-V output; 5% for 
+12 V, +15 V, and +24 V; and 6% for 
—5 V. Available outputs include 5 V 
at 10 A, +12 V at 4 A, and —5 V at 
2Aor24Vat2A;5Vat15 A, +12 V 
at 4 A or +15 V at 4 A, and 24 V at 
4 A; and 5 V at 20 A, +12 V at 4 A, 
—5 V at 2 A, and 24 V at 4 A. KEC 
Electronics, Inc, 21535 Hawthorne Blvd, 
Torrance, CA 90503. 


Circle 258 on Inquiry Card 


IEEE-488 
DISKETTE SYSTEMS 


With a microprocessor based controller 
performing all programming and _for- 
matting functions and ROM firmware of- 
fering file management capabilities of 
advanced disc operating systems, 8000 
series systems provide the means for 
GPIB/IEEE-488 users to add IBM com- 
patible diskettes. Features include IBM 
3740 single density or IBM 2/2D dual 
density format, up to 600k bytes of 
storage/diskette side, up to 4 single or 
dual head drives, and data buffering 
up to 4096 bytes. Dylon Corp, 3670 
Ruffin Rd, San Diego, CA 92123. 
Circle 259 on Inquiry Card 


EXTENDED KEYBOARD OPTION 
FOR COMPUTER OR CRT 


Option for either the ECD 7X computer 
system or the smart ASCII intelligent 
terminal includes 2 extra 24-key key- 
pads which can be programmed by the 
user for special chars or control func- 
tions. Software allows user to assign 
operation of up to 72 keystrokes to 1 
key. Any char or key can be reassigned 
or redefined, such as moving numbers 
and cursor movement commands to the 
extra keypads. All 128 key legends can 
be moved or redrawn to match newly 
assigned functions. ECD Corp, 196 
Broadway, Cambridge, MA 02139. 

Circle 260 on Inquiry Card 


RACKMOUNTED 
ASYNCHRONOUS DATA SET 


Fitting into the 3000A cabinet and in- 
terfacing to EIA RS-232-C and CCITT 
V.24, RM 3120 is adapted to the imple- 
mentation of multidrop networks as well 
as multiple point-to-point circuits. It is 
line compatible with the company’s 
LDS 120 short-haul modem. Data are 
transmitted on private or telephone 
company lines out to 5.5 mi (8.9 km) at 
speeds up to 9600 bits/s, asynchronous 
on 26 AWG pairs. It conforms to Bell 
Publication 43401 at all speeds. Gan- 
dalf Data, Inc, 1019 S Noel, Wheeling, 
IL 60090. 

Circle 261 on Inquiry Card 


COMPACT PM SERVOMOTOR 


Model 33, a compact totally enclosed 
de servomotor, incorporates shaft speed 
control electronics and encoder in 
motor assembly. Power source is only 
additional electronics needed. Torque 
capacity is 600 oz-in, (4.2 Nem). Life 
expectancy is 2000 continuous hours. 
Std shaft dia is 0.375” (0.95 cm) and 
length is 6.88” (17.5 cm). Custom 
lengths available. Options include pre- 
loaded ball or sleeve bearings, encoder 
outputs to 1000 pulses/r, and 12-, 24-, 
36-, or 48-Vde ratings. K & D Mag- 
motor Corp, 90 Prescott St, Worcester, 
MA 01613. 

Circle 262 on Inquiry Card 


Delta handles more over-the- 
counter shipments of 50 lbs. or 
less than any other certificated 
airline. And DASH (Delta Airlines 
Special Handling) serves 86 U.S. 
cities plus San Juan. Any package 
up to 90 inches, width +length + 
height, and up to 50 pounds is 


acceptable. DASH packages accepted 
at airport ticket counters up to 30 
minutes before flight time, up to 60 
minutes at cargo terminals. 

Rate between any two of Delta's 
domestic cities is $30. ($25 between 


_ DELTA DASH GETS YOUR 
SMALL PACKAGE THERE 
IN A BIG HURRY. 


Dallas/Ft.Worth and Los Angeles 
or San Diego or San Francisco). 
Pick-up and delivery available at 
extra charge. Call 800-638-7333, toll 
free. (In Baltimore, call 269-6393). 
You can also ship via DASH 
between Delta cities in the U.S. and 
Montreal, Nassau, Bermuda, Freeport 
and London, England. For details, 
call Delta’s cargo office. AD ELTA 


e run by professionals 


DELTA IS READY WHEN YOU ARE ° 
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VIKRON 
4-track 


4-channel 
cassette ( 
heads are 
HARD TO 
WEAR OUT 


Up to 10 times 
normal wear 
Vikor delivers up to 10 times the wear- 
resistance of standard metal core material. 
And Vikron’s total engineering, critical part 
manufacturing and every-unit testing assures 
total satisfaction. 

Get both small order economy and large order 
production from a single source. Get in touch 
and you'll get Vikron.. . flawless. 


Call or write for complete and free information. 


‘or ESS 


Use 


sub- 
fractional 
horsepower 
DC motors 


Buehler Products, Inc. offers a complete line of permanent 
magnet DC motors that are performance rated to your 
specific application for maximum cost effectiveness. 
These customized, long life Buehler motors are available 
with a wide variety of options in voltage, current, torque, 
speed, electrical connections, and frame size. They're 
used worldwide in office products, business machines, 
cameras, computer peripherals, tape recorders, marine 
and automotive applications. Write for full details on the 
Buehler FHP motor line. 


FHP permanent magnet DC motors 
Miniature brushless DC fans 
Miniature gear motors oS 


BUEHLER PRODUCTS INC., P. O. Box A, Highway 70 East, Buehler, 


Kinston, North Carolina 28501, (919) 522-3101 
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PRODUCTS 


UNIVERSAL P/ROM PROGRAMMABLE 
CRT TERMINAL 


Series 60, a ‘“‘basic universal terminal,” simulates functions 
and operations of other terminals ranging from dumb to 
intelligent. A Z80 microprocessor handles communications 
1/O through a UART, while another special purpose micro- 
processor is dedicated to display refresh. DMA transfer can 
be obtained via the bus by locking out the Z80. Modular 
P/ROM software is both linking and relocatable. The terminal 
is available in RO, KSR, ASR, and multidrop configurations 
and in all screen formats from 8 x 16 to 40 x 80. Individual 
PCB hold program microprocessor, video and timing con- 
trol, and power supply; three additional boards may be in- 
cluded for internal memory expansion to 8k, floppy disc 
controller, and other capabilities. ASCII, Baudot, EBCDIC, 
Hollerith, or other code conversion can be set in when the 
program is defined. Applied Dynamics International, 3800 
Stone School Rd, Ann Arbor, MI 48104. 

Circle 263 on Inquiry Card 


PATCHING SYSTEM WITH A/B 
FALLBACK SWITCH 


DPS-4 Data Patch™® status/alarm and fallback switch system 
is available in 3 basic configurations: DPS-4-11, basic patch- 
ing and A/B fallback switching; -1, patching and switching 
system with status display and A/B fallback switching; -2, 
same as -1 plus alarm. System is made up of 16 channel 
modules and a control module in a single assembly. User 
can choose a single assembly to match a specific applica- 
tion. Features include complete modularity, small size for 
minimum shelf space, easy maintenance, interface through 
standard 25-pin RS-232/V.24 connectors, positive locking 
patch cord, and long life contacts. A/B fallback switch 
selections can be made on an individual basis or an entire 
shelf can be switched with a master scan command. Atlantic 
Research Corp, 5390 Cherokee Ave, Alexandria, VA 22314. 
Circle 264 on Inquiry Card 
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9600-BIT/s PRIVATE 
LINE MODEM 


Internal switch setting in model 7296 
modem allows transmission or reception 
of serial binary data at either 9600 or 
4800 bits/s over leased voice-grade 
lines for full-duplex point-to-point op- 
eration. Operation over the public 
switched network is enabled by 7812 
line adapter and by making 2 DDD 
calls. Unit features automatic equaliza- 
tion, integral system test capability, 
and switch-selectable analog loopback, 
digital loopback, training, or normal 
operating modes. Tele-Dynamics D‘v, 
Ambac Industries, Inc, 525 Virginia Dr, 
Fort Washington, PA 19034. 

Circle 265 on Inquiry Card 


HIGH RESOLUTION 
SHAFT ANGLE ENCODERS 


MicroSeries model »S_/16, 1.6” (4.1- 
cm) dia x 1.5 (3.8-cm) long, is available 
with natural binary and BCD mils (1 
part in 6400) outputs; and model 
uS_/23, 2.3” (5.8-cm) dia x 2.0” (5.1- 
cm) long has 14, 15-, and 16-bit reso- 
lution (0.4 to 0.1. mrad) and natural 
binary outputs. Features include typi- 
cally 1024 to 8192 cycles on the fine 
track, parallel outputs std on natural 
binary units, and serial outputs std on 
BCD mils versions. Units are absolute 
encoders. Itek Corp, Measurement Sys- 
tems Div, 27 Christina St, Newton, MA 
02161. 

Circle 266 on Inquiry Card 


RPG Il TEST PACKAGE 


200 programs with 19,000 source state- 
ments and data records provide com- 
prehensive listing of IBM System/3 
compatible RPG II systems. 55 of the 
programs produce 300 error conditions 
for the compiler to detect, 125 test com- 
piler and run time, and 20 test system 
performance with mailing list and label 
generation and production accounting 
applications. Package is available on 
80 column cards with System/3 OCL 
directives, or on magnetic tape. Pana- 
tec Inc, 1527 Orangewood Ave, Orange, 
CA 92668. 

Circle 267 on Inquiry Card 


4-QUADRANT 
MULTIPLYING DACs 


MDAC 1270-1570 series offer 12-, 13-, 
14-, or 15-bit resolution and +10-V at 
10-mA max or +100-V at 25-mA max 
output. Modular converters process bi- 
nary and 2’s complement inputs. Avail- 
able with bipolar outputs, the units of- 
fer accuracy to +0.006% FSR, settling 
time of 50 us to 0.005%, and 15 ppm/ 
°C tempco. The 4.5 x 5.0 x 0.75” (11.4 x 
12.7 x 1.9-cm) units have less than 0.5 
LSB noise. Phoenix Data, Inc, 3384 
W Osborn Rd, Phoenix, AZ 85017. 
Circle 268 on Inquiry Card 


AUTOMATED CABLE AND 
BACKPLANE TESTER 


Microprocessor controlled CBT/128 re- 
duces testing of cables, backplanes, or 
wire wrapped circuit boards to a sim- 
ple automated procedure. In auto-learn 
mode, the system memory records con- 
figuration of a known-good unit, which 
constitutes a master image against 
which all similar units to be tested 
are compared. Individual circuits are 
checked for open or shorted condition; 
errors are identified by both type of 
fault and exact pin location. Tester 
features basic 128-pin capability, but 
expands to 2048 pins in 128-pin incre- 
ments. Sensitek, 127 Gaither Dr, 
Moorestown, NJ 08057. 

Circle 269 on Inquiry Card 


SLIM BODY DIP SOCKETS 


ICS series features socket bodies that 
are 0.400” (10.16 mm) wide and 0.125” 
(3.175 mm) high to allow max board 
area IC mounting. Contact is gold 
plated beryllium copper, and body is 
molded from glass filled polyester UL 
rated 95 V-0. All sockets feature pin 1 
orientation and counter-bored mounting 
holes. Machined brass sleeve with wire- 
wrap or solder termination is available 
in bright tin or gold finish. Samtec, 
Inc, 810 Progress Blvd, New Albany, 
IN 47150. 

Circle 270 on Inquiry Card 


LINE VOLTAGE REGULATOR 


Static ac unit features +0.25% line 
voltage regulation, 10 to —20% input 
voltage range, line noise filtering, volt- 
age spike clipping, remote sensing with 
adjustable output, and shielded isola- 
tion transformer. It is available in 10 
sizes from 10 to 500 kVA, and from 
208 to 15k V, customer specified. Con- 
trol elements are high quality thyristors, 
capable of handling all overloads up to 
complete short circuit. Gate control 
circuitry is solid state using ICs on in- 
terchangeable PCBs. Rapid Electric 
Co, Inc, Graysbridge Rd, Brookfield, 
CT 06804, 

Circle 271 on Inquiry Card 
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for OEMs 


BULOVA 


has them all 
1kHz to 185 MHz 
MIL, Commercial 
& Custom 


sect ak 
Excellent Stability, High Q 
The smallest known package 
for this frequency range. 


1kHzto1 MHz JT DT 
DT Bare NT © E(+5° Ext.) 
H(+5° Flex.) 


1 MHz to 185 MHz 


Fundamental and 
Overtone 
Excellent 
Frea./Temp./Aging 
Characteristics 


for 
Filters and 
Oscillators 


BULOVA |)" 


ELECTRONICS DIVISION 
of BULOVA WATCH CO., Inc. 
61-20 Woodside Avenue 

Woodside, N.Y.11377 (212) 335-6000 
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Raster scan 
high resolution 
refresh graphics 


at a price you cant ignore 


Now you can have a system 
to meet your unique computer-graphics applications 


System-sophistication made practical for the OEM 
and end-user 
@ Full refresh, flicker-free, raster scan display 

-up to 1280 x 1024 pixels in 16-levels of grayscale 

-display 1024 simultaneous colors from 

color look-up table 

-up to 16 bits of intensity or overlay data per pixel 
@ Interfaces for most minicomputers 
@ Gamma-corrected and composite video output 
@ High-speed, variable image processing 

-pixel update as fast as 45 nsec per pixel 

-random and sequential update 

-dynamic memory allocation 

-writeable control store 
@ User can program the alphanumeric 

generator and define the cursor 
@ Nondestructive functions to 
highlight image displayed 

-vector and alphanumeric overlays on image 

-zoom with continuous 4-directional scrolling 
@ Command |/0 and DMA to host computer 
@ Peripheral options 


A versatile graphics-system to meet your 
widely diverse needs that you'll want to know 
more about. Just write Lexidata Corporation, 
215 Middlesex Turnpike, Burlington, MA 01803 
or faster yet, call us at 617 273-2700, and ask 
for Martin Duhms. 


Best in graphics, year after year 
Lexidata 
a | lll Corporation 


215 Middlesex Turnpike, Burlington, MA 01803 Middlesex Turnpike, Burlington, MA 01803 
617 273-2700 * TWX 710-332-1381 
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PRODUCTS 


PM DC MOTORS WITH BUILT-IN TACHOMETERS 


Built-in tachometer for controlling speed, low electrical and 
mechanical interference levels, lifetime self-lubricating bronze 
bearings, balanced armatures for smooth performance, and 
die-cast zinc end plates are features of series 13.45 and 
13.65 permanent magnet dc 
motors designed for appli- 
cations such as floppy disc 
drives and cartridge, cas- 
sette, and reel tape players. 
Voltage range is 10 to 16 V 
and nom operating speed is 
3000 r/min. (Available mo- 
tors without tachometers 
have voltage range of 6 to 24 V and max operating speed 
of 10,000 r/min.) Torque range is 0.15 to 1 oz-in (0.1 to 
0.7 N*cm). Speed deviations are +1% to torque range, 
+0.5% to voltage range. Tachometer data include output of 
1.8 V rms per 1000 r/min, linear within 0.5% over =10% 
speed deviation from 3000 r/min, and distortion within 8% 
at 400 cycles. Buehler Products, Inc, PO Box A, Hwy 70 E, 
Kinston, NC 28501. 

Circle 272 on Inquiry Card 


SINGLE-BOARD GRAPHICS IMAGING SYSTEM 


RGB-256, a single PCB containing a complete color/gray 
scale imaging system, features 256 x 256-dot resolution 
with 4 bit planes. It includes built-in NTSC (American) or 
PAL (European) color and gray scale encoders that provide 
up to 16 shades or colors. The encoders permit the system 
to directly drive standard TV monitors on a single 75-2 
cable. An onboard phase lock loop permits the output to be 
synchronized to an external video source. Two cards can 
be combined to give 8 bit planes. This 2-card system, with 
no additional hardware, will give a total of 256 colors or 
gray levels. Standard 5-and +12-V power supplies are used. 
An industry standard Intel Multibus™ makes the system plug 
compatible with all Intel and National single-board com- 
puters. Matrox Electronic Systems Ltd, 2795 Bates Rd, Mon- 
treal, Quebec H3S 1B5, Canada. 

Circle 273 on Inquiry Card 


UNIVERSAL P/ROM PROGRAMMERS 
WITH BUILT-IN CRT TERMINAL 


The PPG ganged programmer accepts most EPROMs, pro- 
gramming up to 15 at a time. Before programming com- 
mences, the unit executes a number of test sequences to 
eliminate any possibility of error. If an error is discovered, 
the operation is halted and 
the fault is displayed. 
EPROMs are tested for 
faults on power supply, 
data, and address pins. The 
RAM is sum-checked and 
the EPROMs checked to be 
empty before they are pro- 
grammed according to the 
manufacturer's specifications. When programming is com- 
plete, the EPROMs are individually checked against the 
RAM and the RAM is again sum-checked before an OK is 
displayed. Individual red LEDs light up near each EPROM 
socket to indicate faulty devices, while the alphanumeric 
display shows the type of fault. Stag Systems, 2465 E Bay- 
shore, Rm 329, Palo Alto, CA 94303. 
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STANDARD SIP 
RESISTOR NETWORKS 


Series HC and HF resistor networks are 
high stability cermet resistors deposited 
on an alumina substrate in single-inline 
packages. Units are offered in 4-, 6-, 
8-, 10-, and 14-pin packages, and 4 
seated height configurations: 0.200, 
0.250, 0.300, and 0.350” (0.500, 0.635, 
0.762, and 0.889 cm). Resistance range 
is offered from 33 Q to 470 kQ with a 
std resistance tolerance of +2%. Std 
circuit configurations are 1 pin com- 
mon and isolated resistors. Centralab 
Electronics Div, Globe-Union, Inc, 5757 
N Green Bay Ave, Milwaukee, WI 53201. 
Circle 275 on Inquiry Card 


50-MHZ PULSE GENERAT 


OR 


Model 101D has repetition rates to 50 
MHz and output capability to +20 V. 
A VMOS FET device stabilizes the 20-V 
output. Selectable output control modes 
are: upper/lower level, amplitude/base- 
line offset, and zero reference control. 
Transition times are variable from 6 ns 
to 500 ms and are independent of each 
other. Systron-Donner Corp, Instrument 
Div, 10 Systron Dr, Concord, CA 94518. 
Circle 276 on Inquiry Card 


PCB MOUNTING RELAYS 


For data processing, communications, 
measuring and control equipment, FRL 
640 series epoxy molded low profile 
relays offer immersion cleaning safety 
and solid construction. They come in 
1 Form A, 1 Form B, 2 Form A, and 
2 Form B, with type 8 for switching 
under std conditions (50 VA max or 
100 Vac, 0.5 A max) and type K for 
switching under heavy loads (10 W max 
or 100 Vdc, 0.5 A max); 5-, 6-, 12-, and 
24-Vde units are available. Fujitsu 
America, Inc, Component Sales Div, 
910 Sherwood Dr—23, Lake Bluff, IL 
60044. 
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IEEE-488 INTERFACE BOARD 
FOR LOGIC STATE ANALYZER 


Interface board permits model 532 in- 
telligent logic state analyzer to func- 
tion as a listener/talker on an IEEE- 
488 bus. Board plugs in to any slot 
in the 532’s internal microprocessor 
bus and allows remote operation of all 
front panel functions from an IEEE-488 
controller. RS-232-C capabilities also 
are available. Paratronics, Inc, 800 
Charcot Ave, San Jose, CA 95131. 
Circle 278 on Inquiry Card 


DISC PACK FOR UNIVAC DRIVE 


Mark XVIII pack, designed for use on 
Sperry Univac 8418 disc drive, stores 
58M bytes of information. Special par- 
ticle-oriented coating formulation pro- 
vides maximum data reliability, reduced 
head wear, and longer life. Other fea- 
tures include a nonflammable Lexan® 
cover, temper-hardened steel locking 
assembly, and forged aluminum hubs. 
Memorex Corp, San Tomas at Central 
Expy, Santa Clara, CA 95052. 
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DIP SWITCH 


12-position Bit™ switch is a PCB 
mounted group of spst switching posi- 
tions. 1.280 x 0.385 x 0.280” (32.512 x 
9.779 x 7.112-mm) DIPs are designed 
for over 2000 switching operations for 
each position. Programmable in 5-s, 
5-min, 12-h intervals, plus combinations 
of these, the device has a barrier strip 
that prevents unintentional program- 
ming. Stanford Applied Engineering, 
Inc, 340 Martin Ave, Santa Clara, CA 
95050. 

Circle 280 on Inquiry Card 


DATA TRANSMISSION 
MONITOR AND PRINTER 


D-201 can be used as a peripheral to 
the company’s D-500 and -600 series 
Datascope monitors to monitor asyn- 
chronous lines at any transmission rate 
from 50 to 9600 bits/s, and provide 
hardcopy of data originally sent at up 
to 100 bits/s using virtually any line 
discipline. Hex, ASCII, EBCDIC, and 
other codes are printed at up to 990 
char/s. As a standalone hardcopy line 
monitor, the unit provides simplex and 
half-duplex operation. Spectron Corp, 
PO Box 620, Moorestown, NJ 08057. 
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MFM tloonoy 
asec eg 


AED's field-proven 6200 Series floppy disk 
system has recently been expanded to 
provide the minicomputer user with a wider 
choice of disk drive capability. The AED6200 
Series now offers double density (MFM) 
systems in four configurations: 2 drives with 
single head (5%" and 7" cabinets), 4 drives 
with single head (10" cabinet), 2 drives with 
dual head (7" cabinet) and 4 drives with dual 
head (two 7" cabinets). All systems come 
complete with formatter, power supply, drive 
electronics and CPU interface. Interfaces for 
LSI-11, PDP-8 and 11, Nova/Eclipse.. Varian, 
Interdata and CAI are all available from AED 

Here is achecklist of the AED6200's 
outstanding user benefits: 


= low cost, fast access storage 
= 1.2 megabytes/diskette 
® industry standard 8" media 


® programmable formatter for ideal 
record size 


® multiple source drives 

= 8 computer interfaces available 

® expandable to 4 drives 

= CRC and IPL for easier loading 

= delivery from stock on all popular models 


Get all the facts by calling or writing our 
Marketing Manager today. 


Advanced Electronics Design, Inc. 
440 Potrero Ave., Sunnyvale, CA 94086 
Phone 415-733-3555, BOSTON 
617-275-6400, FULLERTON 714-738-6688. 


Datapoint Corp. of San Antonio, Tex 
needed a capacitor of miniature size, 
with maximum CV ratings, of consis 
tent quality, and ata competitive price 
They chose the KEMET “Blue Max” 
dipped monolithic ceramic capacitor 


It comes in three dielectrics, six case Wwe. 


sizes, with more than 350 CV ratings, MSE Business Processor 

in capacitance values from 2.2 pF to 4.7 uF, in 50, 100 and 200V 
ranges. For more information, write: Psabeneae Dept., Union 
Carbide Corporation, P.O. Box 5928, Greenville, SC 29606. Phone: 
(803) 963-6300. Or see your local KEMET Capacitors Distributor. 


KEMET™ OFFERS YOU MORE. 


4 a 


ELECTRONICS DIVISION In Europe: In 
EALLIIS COMPONENTS DEPARTMENT MEW 


No Frills Color. Just the basics. If you're a black and white 
terminal manufacturer, the Intecolor 843 is all you need to 
upgrade your terminals to color. 

It consists of an 8-color, 13" CRT, plus a special Analog 
Module System with all the circuitry necessary to perform deflec- 
tion and video drive functions for the CRT. The completely self- 

contained circuitry is on a single printed wiring board which also 
generates the low voltage, high voltage and CRT bias, mounted 
on a sturdy aluminum frame for heat sinking the power transistors 
needed for the circuitry. 

With our Nine Sector Convergence System, perfect color 
registration takes only three to five minutes. And this convenient 
control panel can be located anywhere for easy access. 

Available in standard 262 Raster line or 400 Raster line high 
scan versions. If you‘re ready to upgrade to a color line, call 
404/449-5964 for a demonstration. 

Coior Communicates Better I ( 
Intelligent Systems Corp... i 

5965 Peachtree Corners East/Norcross, Georgia 30071 
Telephone 404/449-5961 TWX: 810-766-1581 
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PRODUCTS 


312-DIGIT POCKET SIZED 

DIGITAL MULTIMETER 

A personal size DVOM for test and measurement applications, 
the LX 303 includes “large unit” features such as autozero, 
automatic polarity and overrange indication, and 200-mVdc 
full scale sensitivity. A snap on cover holds test leads and 
protects the panel when not 
in use. Both function and 
range switches are con- 
figured for easy selection 
with the same hand _ that 
holds the unit. Angle 
mounted 0.5” (1.27-cm) liquid 
crystal display provides wide 
viewing angle. Measurements 
can be made on 5 dc ranges 
from 0.1 mV to 1000 V (accuracy of +0.5% per reading and 
full scale); ac ranges from 40 Hz to 5 kHz of 0.1 to 600 V 
(accuracy +1.0% per reading, +0.5% FS); 6 low power re- 
sistance ranges from 0.1 @ to 20 MQ; and 6 dec current 
ranges from 0.1 nA to 100 mA. Size is 5.875 x 3.375” (14.9 x 
8.57 cm). Weight is 8 oz (0.227 kg). The Hickok Electrical 
Instrument Co, 10514 Dupont Ave, Cleveland, OH 44108. 
Circle 282 on Inquiry Card 


HIGH END BUDGET 
LABORATORY COMPUTER SYSTEM 


DEClab-11/MNC, containing greater online storage capacity 
than the entry-level MINC system and increased programming 
flexibility, employs twin RLO1 disc storage units for a 
standard 10M-byte capacity. Its fundamental programming 
is done in ANSI-standard FORTRAN IV, supplemented with 
company supplied subroutine packages. The user can cus- 
tomize the system’s configuration through use of as many as 
8 plug-in modules for both interfacing and control. Central 
element of the system is a 41” (104-cm) high central sub- 
assembly that incorporates a PDP-11/03 microcomputer with 
64k bytes of semiconductor memory. Other system elements 
include twin removable storage discs, 4-port terminal inter- 
face, ROM diagnostic bootstrap, and either an LA36 DEC- 
writer Il or a VT105 video terminal, which can display both 
alphanumeric and point-plot or histogram waveform data. 
Digital Equipment Corp, Maynard, MA 01754. 

Circle 283 on Inquiry Card 


KEYBOARD SWITCH MODULES 


Any desired keyboard format can be set up for prototype, 
short run, or high volume production with System 87 switch 
modules. Available are single rows of 1 through 6 switches, 
with circuitry in single pole/common bus configurations, 
which can be arranged into row and column switching when 
switches are stacked; also offered are 3 x 4 and 4 x 4 key- 
board pads with matrix coding plus single pole/common 
bus circuitry. When modules are stacked side by side, but- 
tons are on 0.5” (1.27-cm) centers. Snap-on cap design 
allows legends to be added on cards for prototypes, or hot 
stamped or molded for long runs. Switching is accomplished 
by a snap-dome contact system that provides tactile and 
audio feedback to the operator. Life cycle is estimated at 
3 x 10° operations. Modules measure only 0.350” (0.889 cm) 
off the PC board. Grayhill, Inc, 561 Hillgrove Ave, La Grange, 
IL 60525. 

Circle 284 on Inquiry Card 


COMPUTER DESIGN/FEBRUARY 1979 


FIBER OPTIC CABLE 
MONITOR AND TESTER 


Optical time domain reflectometer 
model 38 simplifies testing by making 
measurements when only one end of 
the fiber optic cable is accessible. Used 
with an oscilloscope the instrument can 
evaluate cable during and after installa- 
tion, monitor field splicing and terminal 
connection operations, and perform 
quality control tests during cable man- 
ufacturing. Short light pulses and back- 
scattering and relection characteristics 
of the fibers are used to determine 
length of fiber, evaluate splice or con- 
nector continuity, measure cable attenu- 
ation, assess fiber homogeneity, and lo- 
cate fracture. Siecor Optical Cables, 
Inc, 631 Miracle Mile, Horseheads, NY 
14845. 

Circle 285 on Inquiry Card 


120-CHAR/S 
BIDIRECTIONAL PRINTER 


Micro/Mini model 879 prints 120 char/s 
or 75 lines/min, using a 9x 7or9x9 
matrix to form the 96-char ASCII set 
(upper, lower, and triple wide). 80- or 
32-col format is switch selectable. Avail- 
able with roll paper feed, combination 
pin form and roll feed, or tractor feed, 
printer uses RS-232 and parallel inter- 
face. Printer Terminals Corp, 124 10th 
St, Ramona, CA 92065. 

Circle 286 on Inquiry Card 


6-DIGIT, 0.5” LED DISPLAY 


GaAsP display NSB5931 is a second 
source for Litronix DL6500 display. The 
device, built on a std PCB with plastic 
reflector and lens cap attached, con- 
tains six digits, each composed of 7 
segments with right hand decimal point. 
Average current per segment is rated at 
20 mA; peak current per segment is 
rated at 150 mA for 1 ms. National 
Semiconductor Corp, 2900 Semicon- 
ductor Dr, Santa Clara, CA 95051. 


NUMERICAL THERMAL PRINTER 
MECHANISM 


Essentially noiseless, the ANP-9M pro- 
vides 7 col of 7-segment numbers (or 6 
col with a = sign in the first, second, 
or third col), and 2 col of data identi- 
fication either before or after the num- 
bers. Data identification columns con- 
tain a dot print head which can print 5 
x 7 letters, numbers, and engineering 
symbols. Units are available as a basic 
mechanism which mounts behind the 
user’s panel or with an hinged bezel 
that permits the mechanism to be swung 
forward for paper loading from the 
front panel. Gulton Industries, Inc, 
Measurement & Control Systems Div, 
East Greenwich, RI 02818. 

Circle 287 on Inquiry Card 


REVERSIBLE PM GEARMOTOR 


Continuous torque of 100 Ib-in (11.25 
Nem) and speeds from 0.48 to 3100 
r/min are features of the type EMR/ 
EML motor which measures 1.5” (3.8 
cm) dia with a max length of 6” (15.24 
cm). Weights, depending on options and 
specific gear ratios desired, range from 
11 to 80 oz (312 to 2268 g); 17 speed 
reduction ratios range from 3.67:1 to 
6564:1. Options include special shaft 
extensions, shaft pinions, rfi_ filters, 
brakes, tachometers, and rated voltages 
from 6 to 115 Vdc. Powertron Corp, 
3821 Barringer Dr, Charlotte, NC 28210. 
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PRINTED CIRCUIT BOARD 
AND BACKPLANE TESTER 


Matchmaker high speed automatic con- 
tinuity test system is available in 2 con- 
figurations—one completely self-con- 
tained incorporating keypad and 40- 
char alphanumeric display and the other 
with 24-line CRT and direct access for 
program editing. System performs va- 
riety of tests on PCBs, backplanes, 
wire and cable harnesses, and switch 
and relay assemblies at a test time of 
about 1 s per 1k points. Both ver- 
sions operate on 115/230 Vac at 47 to 
63 Hz and are available with 4k-, 8k-, 
and 16k-point capacity in 100-point 
increments. Add‘son Div, Muirhead Inc, 
1101 Bristol Rd, Mountainside, NJ 07092. 


Circle 289 on Inquiry Card 


EMULATOR 


CONTROLLER 


The AED8000 emulator/microcontroller 
provides cost effective data control and 
intermediate data buffering between your 
CPUs and Mass Storage disks. A total of 
8 disk drives in any combination, including 
Winchester, can be utilized at one time; and 
up to 4 CPUs can be interfaced through 
the AED8000 Microcontroller interface 
electronics. The AED8000 emulates the 
OEM disk controller through generational 
changes, saving you money by not requiring 
you to write the software driver over and 
over again. And the controller not only runs 
the software for the emulated disk, but 
runs the mainframe manufacturer's disk 
diagnostics as well! 
Here is achecklist of the AED8000's 

outstanding user benefits: 

RP-03, RP-04 and RP-06"' emulation 

microprogrammable 24-bit power 

writeable control store microcode 

controls 8 storage module drives 

handles SMD and Winchester drive mix 


handles any combination of Ampex 
Calcomp, CDC, ISS and Memorex drives 


= 56-bit Fire Code Error Correction 
® 256 x 16-bit data buffer 

Get all the facts by calling or writing our 
Marketing Manager today. 


®' Registered trademark of Digital Equioment Cor 


Advanced Electronics Design, Inc. 
440 Potrero Ave., Sunnyvale, CA 94086 
Phone 415-733-3555, BOSTON 
617-275-6400, FULLERTON 714-738-6688 
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Microcomputers 


Catalog describes tTRs-80 system—micro- 
computers, Level-I, and -II Basic, inter- 
faces, memories, disc systems, and printers 
—in plain language. Radio Shack, A 
Div of Tandy Corp, Fort Worth, Tex. 
Circle 300 on Inquiry Card 


Communications Components 


Catalog includes specs and applications 
for microprocessor controllable tone en- 
coders, Touch Tone® detectors, ccitr std 
channel bandpass filters, C-message and 
‘C-notch weighting filters, and pcm pre- 
filters. Frequency Devices, Inc, Haver- 
hill, Mass. 

Circle 301 on Inquiry Card 


A-D/D-A Peripheral Boards 


Slide-in SineTrac boards for micro- and 
minicomputers and for microprocessor 
based computers are described in brochure 
which also provides. selection guides and 
block diagrams. Datel Systems, Inc, 
Canton, Mass. 

Circle 302 on Inquiry Card 


Switches 


Photos, line drawings, specs, and ordering 
information on more than 300 switches, 
including 16-A rocker switch and custom 
switches, are covered in catalog. Chicago 
Switch, Ine, Chicago, Ill. 

Circle 303 on Inquiry Card 


EMI Filters 


Circuit diagrams, performance graphs, 
specs, and dimension drawings of case 
styles are supplied in 16-p catalog. Stan- 
ford Applied Engineering, Santa Clara, 
Calif. 

Circle 304 on Inquiry Card 


yuComputer Analog I/O Systems 


Technical specs in 74-p catalog cover ana- 
log 1/0 systems for pEc, Computer Auto- 
mation, Intel, Zilog, and National families, 
as well as busable data acquisition mod- 
ules, DAcs, and de-de converters. Data 
Translation, Inc, Natick, Mass. 
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Data Communications 
Test Equipment 


Intershake® line of monitors and program- 
mable testers for data communications 
network diagnostics and maintenance is 
described in brochure. Atlantic Research 
Corp, Alexandria, Va. 

Circle 306 on Inquiry Card 
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LITERATURE 


Electrical Connectors for 
Hostile Environments 


Photos, dimension drawings, and _ spec 
charts supply technical details for 10 lines 
of equipment, engineered for temps from 
absolute zero to 677 °C, for resistance to 
nuclear radiation, and operation under 
watertight conditions. ITT Cannon Elec- 
tric Canada, Whitby, Ontario, Canada. 
Circle 307 on Inquiry Card 


Microcomputer Applications 


“The micronovA Cookbook, A Taste of 
Success” discusses applications for the 
family in industrial automation, communi- 
cations, data acquisition and control, com- 
mercial data systems, and instrumentation. 
Data General Corp, Westboro, Mass. 
Circle 308 on Inquiry Card 


Optical Data Link 


Specs, dimension drawings, and _ block 
diagram are presented in brochure that 
describes solid-state link using m focused 
sources and detectors to provide bidirec- 
tional, wireless, noise-free digital data 
transmission. AMREX Corp, Redmond, 
Wash. 
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CMOS Multiplying D-A Converters 


Guide provides section on theory and cites 
more than 25 applications using DACs in- 
cluding digitally programmable control cir- 
cuits, programmable active filters and os- 
cillator circuits, and audio and synchro ap- 
plications. Analog Devices, Norwood, 
Mass. 
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Wirewound Resistors 


Engineering handbook covering precision 
and power devices includes military style 
cross-reference chart, temp coefficients, 
multiplying factors for resistance wire di- 
ameters, and heat distribution curves. 
RCL Electronics Div, AMF Inc, Man- 
chester, NH. 
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Personal Computer Components 


Block diagrams and specs for micropro- 
cessors; memories; CRT controllers; LED 
displays; floppy disc, analog, printer, serial, 
and parallel interfaces; and sound synthe- 
sizers are featured in brochure. Free copy 
available from National Semiconductor 
Corp, Ms/770, 2900 Semiconductor Dr, 
Santa Clara, ca 95051. 


Data Communications Monitor 


Function descriptions accompany full front 
panel photo of D-502B; brochure also fur- 
nishes program flowchart and instruction 
summary table for monitor/analyzer/inter- 
active simulator and tester. Spectron 
Corp, Moorestown, NJ. 
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Modular Power Supplies 


Operating specs and dimensions are pro- 
vided for switching and linear supplies 
with single, dual, or wide range adjustable 
outputs, open frame construction, and en- 
capsulated pc board mounting supplies. 
Sorensen Co, Manchester, NH. 
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Realtime Analyzers 


Guide compares characteristics of the com- 
pany’s 660A dual-channel FFT analyzer to 
the Hewlett-Packard 5420A digital signal 
analyzer. Nicolet Scientific Corp, North- 
vale, NJ. 
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Tape Reader Products 


Technical data, specs, and key character- 
istics for more than 14 hardware config- 
urations including interface accessories 
and ruggedized military units are pre- 
sented. EECO, Santa Ana, Calif. 
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Distributed Systems 


Two brochures define distributed process- 
ing; provide diagrams of hierarchical, 
horizontal, and hybrid system structures; 
and cite compatibility between host and 
satellite processors. Honeywell Informa- 
tion Systems, Waltham, Mass. 
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Disc/Tape Supplies 


Digital cassettes, diskettes, microfiche ac- 
cessories, mini-cassettes, quick release 
splicing patches, perforated tape, mag- 
netic splicers, encoders, and std and lam- 
inated control tapes are presented in cata- 
log. Robins Industries Corp, Data 
Products Div, Commack, ny. 

Circle 317 on Inquiry Card 


uProcessor Support Equipment 


Descriptions, photos, and specs for p/ROM 
programmers, system analyzers, micropro- 
cessor cards, courses, and literature are 
included in 64-p catalog. Pro-Log Corp, 
Monterey, Calif. 
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5-V Switchers 


Application note supplies circuit diagrams 
and parts lists for 100-, 500-, and 1-kW 5-V 
switching power supplies. TRW Power 
Semiconductors, Los Angeles, Calif. 
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Disc Packs 


Flyer contains criteria for matching disc 
packs to drives based on drive’s error cor- 
recting circuitry. Nashua Corp, Com- 
puter Products Div, Nashua, nu. 

Circle 325 on Inquiry Card 


Data Acquisition System 


Expanded Series 2000 line offering special- 
ized equipment and ssI, MSI, and LsI sys- 
tems is described in brochure. FX Sys- 
tems Corp, Kingston, ny. 
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Digital Synthesizer Analyzer 


Processor based instrument uses state- 
linear format to capture, program, display, 
and generate up to eight digital signals or 
pulse trains simultaneously. Gould Ine, 
Instruments Div, Cleveland, Ohio. 
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Breadboarding and 
Packaging Products 


Short-form catalog includes photos, specs, 
and dimensions for microprocessor boards, 
Plugboards™, prepunched boards, proto- 
type, and production hardware. Vector 
Electronic Co, Sylmar, Calif. 
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Miniature Potentiometer 


Series 100 potentiometers, designed for use 
in laboratory instruments, telecommunica- 
tion equipment, and computers, are de- 
scribed with design specs and dimension 
diagrams in 6-p brochure. Centralab 
Electronics Div, Globe-Union Ine, Mil- 
waukee, Wis. 
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Electronic Hardware 


Illustrations and descriptions of shoulder 
screws, retainers, panel screws, male and 
female swage type standoffs, pusher screws, 
washers, and handles are featured in 208-p 
catalog. Promptus Electronic Hard- 
ware, Inc, White Plains, ny. 
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DC Motors, Speed Controls, 
and Servo Systems 


Engineering handbook contains updated 
technical information and covers optical 
encoders in technical detail. To obtain a 
copy send $1.00 (to cover postage) with 
business card or company letterhead to 
Electro-Craft Corp, Box 664, Hopkins, 
MN 55343. 


Programmable-Gain Amplifiers 


Application note lists schematics, specs, 
and sample programs for both program con- 
trolled and autoranging units for use in 
data acquisition systems. Micro Networks 
Corp, Worcester, Mass. 
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DIP Switches 


Electrical and mechanical specs, photos, 
and dimension drawings comprise informa- / 
tion on line of switches. CTS Corp, Elk- 
hart, Ind. 
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Transformers/Solenoids 


Complete specs including dimensions and 
ratings, plus application hints for trans- 
formers, solenoids, converter/chargers, and 
coils, are given in condensed catalog. Dor- 
meyer Industries, Chicago, II]. 
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2400-Bit/s Data Modem 


Brochure first outlines then details features 
and options of modem, and includes tech- 
nical data and a section of advanced ap- 
plications. Codex Corp, Mansfield, Mass. 
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Cable Shield Terminations 


Series of l-p data sheets presents the fea- 
tures and specs of various Solder Sleeve™ 
cable shield terminations. Electronics 
Div, Raychem Corp, Menlo Park, Calif. 
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Data Converters 


Selection guide summarizes specs for 80 
models of DACs and ADCs and includes table 
of pin-for-pin equivalents. Hybrid Sys- 
tems Corp, Bedford, Mass. 
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Add-On Memory 


Brochure lists specs for and describes Jine 
of add-on semiconductor memory systems 
and add-on automatic maintenance panel. 
Storage Technology Corp, Louisville, 
Colo. 

Circle 332 on Inquiry Card 
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MOUNTINGS 


os 
Liaghten 
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Costs 


Come to Eldema 
for the best 
LED Indicator 
measure of value! 


You save when you buy them. You 
save when you install them. So for 
a better measure of value, it'll pay 
you to get with the Eldema cost- 
effective line of LED mountings, 
sockets and indicator light assem- 
blies. 


Indicator light Assemblies are 
complete units including an LED 
T-1% lamp, socket, mounting 
hardware and easy-to-use con- 
nectors. The lamp is available in 
red, amber or green. 


Mounting Hardware/Sockets that 
accommodate standard T-1% LED 
lamps. They're rugged and simple 
to install. They come in black ano- 
dized or silver finishes to comple- 
ment any panel decor. 


Units are conveniently and rigidly 
mounted through non-critical tol- 
erance %-inch dia. holes in up to 
0.187 inch panels. Relamping from 
front of panel. 

Put these money, time and trouble 
saving devices to work in your 
indicator installations, NOW! 
Contact us for complete details. 
Eldema Division, Genisco Tech- 
nology Corp., 18435 Susana Rd., 
Compton, California 90221 + Phone 
(213) 537-4750 


GENISCO 
TECHNOLOGY 
CORPORATION 
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NOTE: The number associated with each item in this guide indicates 
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OTHER MATERIALS 


Quartz Crystals 
Bulova Electronics/Bulova Watch ............ 197 


HARDWARE 
CONNECTORS AND INTERCONNECTION 
SYSTEMS 


Connectors 
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LCD Connectors 
Teledyne Kinetics ......cccssccsssesorscscnsscessceeree 190 


Interconnection Components 
Spectra-Strip .. 

SOCKETS 

Sockets 
Robinson-Nugent . 
Samtec 

WIRE AND CABLE 


Fiber Optic Cable 
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Power Cords 
Belden/Electronic ‘ 
WIRING PINS AND TERMINALS 


Barrier Blocks 
Control Products/Amerace ...........ccceee 176 
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Cambridge Thermionic ...............cccccsceseseceee 208 
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Pittman .. . 20 
DC Motor/Tachometers 
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K & D Magmotor ... 
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Reversible PM Gearmotors 

ROWLEY, geeeescaccracereexssskssseventnedoedsshecctinea aieeaee 201 
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LED Panel Lamps 
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Optron 
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Conver .. 


Power-One ... 
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DC-DC Converters 
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Microprocessor Static Damage Protection 
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Hamlin 

Teledyne 
PCB Relays 
Fujitsu America/Component Sales ........ 199 
RESISTIVE COMPONENTS 
Resistor Networks 


ays . 


Centralab Electronics/Globe-Union ........ 199 
SWITCHES 
Toggle Switches : 

IISRRIAI Sacanpheassatseess casstasszvoesstocsecsnsotenteecetéassesontoohen 184 
Lighted Pushbutton Switches 

Licon/IIlinois Tool Works .........ccccscseeeeeeee 61 
Pushbutton Switches 

POD CSSHAI AW. <i tierce cetcscesncoscrrsnmcatniaven 174 
Rocker Switches 

CHIGAGG! SWHH cicicccscssiscssvesenssatconseseesssvssssass 180 
Slide Switches 

SRANGREE GUBGIY) cccicsscvesscctvcadeceresatiscconscossen 192 
DIP Switches 

Cutler-Hammer/Aerospace Controls/ 

SOY SLOTS cas cccviccg abe scansesisestsasescesdbvespiasicassnssce 170 


Stanford Applied Engineering .........cc 199 


Patching System/Fallback Switches 
Atlantic Research .. 


CIRCUITS 
CIRCUIT CARDS AND MODULES 


Logic Modules 
WGHNOE) ohitipryrteoxcannsacaterernersrettoreveressoerevestasiotssesvad 176 


DIGITAL AND INTERFACE 
INTEGRATED CIRCUITS 
(See also Semiconductor Memories under 
Memory/Storage Equipment) 
CMOS ICs 

California DeViCOS .scssccccssrssscsescccncsoreeseers 164 
LSI ICs 

Advanced Micro Devices 

American Microsystems 


Schottky TTL ICs 


Fairchild Semiconductor. ...........:cccesseseeses 115 
Gate Arrays 

DFRORDOBIGI | Siccsetitasacratisocssatsissasessisassastocsysesaee 164 
P/ROMs 

Advanced Micro DeVICES ...cccsssssseseseesesseees 154 
EPROMs 

MAREN rpas ute sacalvedenctns shes ciansuasyousvsiasicnsan 24, 25, 152 
Flexible Disc Interface ICs 

Standard Microsystems ... oe 1 64 
Fiber Optic Data Link Chips 

Burr-Brown ReSCAaFrCh  wv.cessessssesesescesnssecesenes 190 
DIP Fiber Optic Links 

Radiation Devices .....ccscssesssssrsessesesssseesees 194 


Serial Data Adapters 
American Microsystems 


A-D and D-A Converter ICs 
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Analog Devices/Semiconductor wees 161 
A-D Converter ICs 

DEBTS SV BUO IIE, Accctessecsarecissisasasonsssssicnceetssosens 159 
D-A Converter ICs 

Harris Semiconductor Products .. oe 6A 
HYBRID CIRCUITS 
A-D Converters 

TADS SC oe VIGEITRIM) Yee nacerctsnssssccesevesviseeccecedessuoseses 164 


MEMORY/STORAGE EQUIPMENT 
BUFFER MEMORIES 


Terminal Storage Units 
Tri-Data ... 


FLEXIBLE DISC UNITS 


Flexible Disc Drives 
BASF Systems/Computer Products ........ 182 
Ex-Cell-O/Remex ... 

Micro Peripherals 
Siemens ... 


Flexible Disc Systems 
Adac 
Advanced Electronics Design 
Computer Technology . 
Data Systems Design . 
Dylon 
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Vista Computer .. 
Flexible Disc Controllers 


MICFOMARION  .....scocccsesesrsescsssccssesereereonsnreerenes 146d 
Flexible Disc Initializers 
THEO PNOCMIX ....rcsercccccccscsscssosonscsserecreseresees 190 


MAGNETIC CORE MEMORIES 


Core Memories 
Dataproducts ... el 94 
Dataram ... 
EMM/CSD/Electronic 
Magnetics 
Micro Memory . 


MAGNETIC DISC AND DRUM UNITS 
(See also Flexible Disc Units) 


Disc Drives 

MOMNOMY oncsisssssssecrccccescscesorecssescnsscesersorereesesserer 1 
Fixed Disc Drives 

Shugart Associates ...........ccsssseeeeeeee 44, 45 
Disc Drives and Controllers 

Plessey Peripheral Systems. ............-.000+ 175 


Disc Systems 
Computer Labs 
IMSAI Manufacturing 


Disc Emulator/Controllers 
Advanced Electronics Design 


Disc Packs 

MO@MOSEX  siveressecccccesrssssecsesnsccersorscenscessnssensonves 199 
MAGNETIC TAPE UNITS 
Tape Transports 

MEGA  crvcccscsscccsrscessescsssssncensccccccnsszcensacosovencesss 146f 


Tape Systems 
Digi-Data .... 
Tape Controllers 
Zeta Research/Nicolet Instrument ........ 192 
Western Peripherals/WESPERCORP ...... 146d 
Cartridge Tape Drives 
Qantex/North Atlantic Industries .............. 41 
Cartridge Recorders 
Raymond Engineering .................cccccceceseeees 206 


ROM/RAM PROGRAMMERS AND 
SIMULATORS 
P/ROM Programmers 
Pro-Log ... 
Stag Systems ... 
EPROM Erasers 
Ultra-Violet Product. .........ccsccccsssessessseereres 58 
Programmable Array Logic Design Systems 
Cybernetic Programming Systems ........ 186 


SEMICONDUCTOR MEMORIES 
P/ROMs 

Advanced Micro Devices 
EPROMs 

MIDOWG scxeraceessincivessenasesamteccnn searosenest 
EPROM Systems 

DATA? VOCROF wicsccsscscsssssqeeesenseosscccssasessecterceccoas 146 
Semiconductor Memory Systems 


Datacube SMK 
Electronic Control Technology . 


INPUT/OUTPUT AND 
RELATED EQUIPMENT 


AUDIO RESPONSE EQUIPMENT 


Voice Response Systems 
Perception TeChnology  ......sssssssssreeeeeeeesere 170 


COMPUTER PERIPHERALS 
Computer Peripherals 


Ball Computer Products ............:sc:sss000 16, 17 
Microcomputer Peripherals 
Electronic Systems. ...........cccssssseeeseeeneee 191 


DATA TERMINALS 

(See also Graphic Equipment) 

CRT Display Terminals 
Ann Arbor Terminals .. 
Applied Dynamics Inte 


Digi-Log Systems . .192 
BGO) wssnccrssssacatness 151 
Hewlett-Packard F 
DIODE ccssassicssiccastesies 

Teleray/Research .. 


SLM 

Soroc Technology 
Card Reader/CRT Display Terminals 

PROMO 1 veiseciscscseccescssssessctersecesseanevscnesvesveccees 70 
Printer Terminals 

‘Delta Data Systems . 

Qume 
Typewriter-Terminal Converter Modules 

Transaction Data Syst@OMs «sss 192 


DISPLAY EQUIPMENT 

(See also Data Terminals 

and Graphic Equipment) 

CRT Displays 
Audiotronics/Video Display ... 
Ball/Electronic Display .. 

Cc. Itoh Electronics ... 
Moniterm .... 
Zenith Radio . 


Single Line Displays 


Hewlett-Packard  ......c.ssscssssorscsesssssersssescsscseers 174 
Color Display Systems 
Intelligent Syst@Ms  .........cccceseenseeeenene 200 


GRAPHIC EQUIPMENT 


Graphic Display Computers 
AYGIN COMEONS: sisissscsssnsessssacsvessesesseseacensszsaces 67 


Color Graphic Display Terminals 


Intelligent Systems . 46 
FAIWION ississactsivccsss . 51 
Grinnell Systems . 38 


Graphic Display Systems 
Lexidata .. 
Matrox Electronic Systems ... 


Ruggedized Graphic Display Systems 


AYIA CONtOlS cissccissescsscccssssccserersssscestnenonse 186 
Digitizing Systems 
Spatial Data Systems ........cccccsccsessereeeeeseees 206 


INTERFACE EQUIPMENT; CONTROLLERS 


Analog !/O Subsystems 
Micro Networks 
Vector Graphic 

Serial 1/O Subsystems 
WU TFILG IG Sscusacsdancsvasansuss sauvecmiavonessspaaseestpsmeaeeets 174 

Interface Boards 
Data Translation ... 
JC Enterprises . 
MDB Systems 
Thinker Toys .... 

Logic State Analyzer Interfaces 
POPAtKORICS: ccacsctsenssosesvecescesssstssoonscesesnthassendonse 199 

Instrument Interfaces 
ICS Electronics .. 


Bus Adapter/Motherboards 


HUH Ele@ctronlcs ...ciccscsscsesssescscossonersscesessovees 140 
Controller Boards 
DARPA oncsscsscssessseessorcescvcessavsvsesescesensensensssanse 5 


Flexible Disc Controllers 

Micromation 
Flexible Disc Initializers 

Three PHOCMIX ...eccseceesreeeee acsvisvesisbyiaqedaepeanaty 190 
Disc and Tape Controllers 

Western Peripherals/ 


WESPERCORP .........0.0008 wee Cover II, 146d 
Disc Emulator/Controllers 
Advanced Electronics Design ........+0++ 201 
Tape Controllers 
Zeta Research/Nicolet Instrument. ........ 192 
Typewriter-Terminal Converter Modules 
Transaction Data SyStOMS occ 192 


KEYBOARD EQUIPMENT 

Keyboards 
Digitran 
ECD wus 
Cortron/Illinois Tool Works . 
Micro Switch/Honeywell .. 

Keyboard Switch Modules 
GAYD IL) cacsscsenseasscccssassecsncessscnssoassacensdeandcandesen 200 


PLOTTING EQUIPMENT 


Drum Plotters 
California Computer Products. ............... 171 


THE 
“SMART” 
PRINTER 


Low cost is smart. With Data- 
royal’s low prices and volume dis- 
counts, few printers cost less to buy. 
With Dataroyal’s unique micro- 
computer design and rugged mech- 
anism, no other printer costs less 
to Own. 

It’s smart to let one printer do 
the job of many. A wide range of 
firmware packages allows Data- 
royal printers to meet almost every 
requirement within the 120-200 
character-per-second performance 
range. Upgrade, downgrade or 
add new functions — interfaces, 
communications protocols, buffer- 
ing, and more —all within seconds. 
In the factory or in the field. 

It’s smart to demand reliability, 
and Dataroyal has years of ex- 
perience building printers that work 
because they have to. Many of the 
Dataroyal printers now in use 
operate in hostile environments at 
100% duty cycle. 

It's smart to choose a vendor 
who can deliver. Dataroyal can, in 
45 days or less. Low purchase 
prices, applications flexibility and 
reliability add up to low cost of 
ownership over a long product life. 


IPS 7000 
INTELLIGENT 
PRINTING SYSTEMS 


INCORPORATED 
235 Main Dunstable Road, Nashua, NH. 03061 
(603) 883-4157 

2801 Far Hills Avenue, Dayton, Oh. 45419 
(513) 294-6426 


160 Centennial Way, Tustin, Calif. 92680 
(714) 838-4530 
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Raycorder Products Division 
Raymond Engineering Inc. 
217 Smith Street, Middletown, Connecticut 06457:(203) 632-1000 


a subsidiary of Raymond Industries 


Our 15.000th 
Cartri 


Ilsabrand 
new product 


Raymond's new Model 6413 Car- 
tridge Recorder is the result of our 
years of experience building thou- 
sands of recorders for the V4-inch 
data cartridge. Our experience 
means that you get the best. 

For complete information: 
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PROCESS 


MODEL 108PTS EyeCom 
Picture Digitizer 
& Display System. 


or ENHANCE | 


IMAGES? 


Using a digital computer? You 
have a lot in common with 
many disciplines you might 
never have suspected. 

Image Processing has come 


a long way. It may not be 
necessary to create a new sys- 
tem to accomplish your special 
project. Chances are, the sys- 
tem you need already exists. 
And, since we've been in the 
business since 1966, chances 
are equally good we can deliver 
what you need NOW and at 
REASONABLE COST. 


Fast, accurate analysis for all types 
of images for: SCIENCE e NDT 

e RADIOLOGY ¢ BIOLOGY 

e GEOLOGY e METALLURGY 

© GEOGRAPHY e PHOTOGRAPHY 
e ASTRONOMY anid many others. 


For further information, call or write us with your requirements at: 


SD Spatial Data Systems, Inc. 


Box 249, 508 So. Fairview Ave., Goleta CA 93017 


M2): (805) 967-2383 
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Digital Plotters 
Houston Instrument/ 


Bausch & LOMD .........ccccccsssessees Cover Ill 
PRINTER/PLOTTERS 
Printer/ Plotters 
MEUAUOGE sccacenssias dosacccsaecccescinsssaaihotvscsisisiccausasesenees 129 


Electrostatic Printer/Plotters 
Gould/Iinstrument Systems 
Versatec/Xerox 


Card Printer/Plotters 
Practical Automatlon .........scssssseserssessessseeees 78 


PRINTING EQUIPMENT 
Printers 

Lear Slegler/Electronic Instrumen- 

tation/Data Products . 

NEC Information System 


Panasonic/Electronic Compon 153 

TRI asics tahsakcnkca Sasi ccenn ed reactorasstnbiansaiceses 185 
80-Column Printers 

ADs Raia EL Gert Tl ssiessnccsccessnceencsescsasciesiaces 57 


Line Printers 
Data Printer 


Digital Associates . 91 

Hetra 194 

Okidata a 

Tally 2 
Matrix Printers 

Dataroyal 


Florida Data 

Microdata 
Impact Printers 

Integral Data SySt@Ms .......ssseseserersseseeees 64 
Band Printers 

Centronics Data Computer ..................000 11 
Bidirectional Printers 

PPIINT@R WOTENINIOID  ciscccscsvsasecctstscoiarssesccdacenisebs 201 
Receive-Only Teleprinters 

Computer Communications... 192 
Gray Scale Printers 

Beil) HOWL GEG sc .sesscoanssosescasecsosacesssinencs 170 
Printer Elements 

Mohawk Data Sciences/Mark 

I wiesicsicticssiciseoiapiaclekaninansians 177 

Thermal Printer Mechanisms 

Gulton Industries/Measurement & 


CONE ON YBCO HD bs cncsscssdssccavsvatseassiscasnvesaiees 201 
Matrix Printer Speed Enhancements 
PAL OPSLGRG:~ *jrsscaccscscsspatevsisosaivonevaieasinntidieseanvebend 180 


COMPUTERS AND 
COMPUTER SYSTEMS 

COMPUTER AUXILIARY UNITS 
Array Processors 

Analogic 

Elsytec/Codevintec Pacific ... 
Program Loaders 

Electronic ProcessOrs o...cecssesssssseseseeees 134 


DESKTOP COMPUTERS 


Desktop Computers 
Compucoprp ....... 


MICROCOMPUTERS AND 
MICROPROCESSORS 


Microcomputer System Kits 
BUONO pasa nastenasascsh vinsnanasbastsesetiestateersueanans 5 


‘Microcomputer Systems 
National Semiconductor/Computer 
Products 
Quay 


Laboratory Computer Systems 
Dightal “EQUI DIMGNt  csscssssscesisescasbscsctenevessccensese 200 
Development Systems 
Conic Data Systems/Loral  ..............000 145 
Microcomputer Development Systems 
Futuredata 
Solid State Scientific .... 
Microprocessor Development Systems 
Tektronix/MDA 
Wintek 


Micro System Analyzers 

Millenium Systems. .................:ccsseceseeeee 76, 77 
Microcomputer Software 

Ohio Scientific 


MINICOMPUTERS; SMALL- AND 
MEDIUM-SCALE COMPUTERS 


Minicomputers 
Ampex Memory Products .... 
Hewlett-Packard ................... 
Modular Computer Systems. ................. 
Sperry Univec/Mini-Computer ....146b, 146c 


Militarized Computers 
PIOUIE is cociscsesisctescesosecstiscasbecessasasstsdincnisssssessssis 82 
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COMMUNICATIONS CHIPS 
CODEC Chips 


ENO) secivesnsenyeevecey hitasspioatvestadpvaxstiiintrened dvsvessevees t4OR 
Fiber Optic Data Link Chips 
Burr-Brown R@S@aICH  essessessssnseseee idsieesietnee | OO 


COMMUNICATIONS COUPLERS 


Acoustic Couplers 
Omnitec Data .. 


COMMUNICATIONS INTERFACES 
Serial 1/O Subsystems 


NM ANRRIIIS, o> icinsiccctsvsaapUuaruvevaassccoucuiavmevwevivasseesegecte 146f 
Single Line Adapters 
MADE Sy ates: cccccssavccsccsssissvsiresssscgccsceacsssseses 178 


COMMUNICATIONS MONITORS 


Communications Monitor/Printers 
RSEORTON, | asccisssnisscsspiccacspacaianiecemieokacensshessemeranct 199 


COMMUNICATIONS MULTIPLEXERS 
Programmable Multiplexers 


Able Computer Technology  .........0 55 
Speech Plus Multiplex Terminals 
‘Coherent Communications Systems ......... 188 


COMMUNICATIONS SYSTEMS 
Communications Controllers 


Computer Automation .u..ccccsceccssesseeseseees 182 
DATA COMMUNICATIONS TEST 
EQUIPMENT 
Modem Polling Testers 

International Data Sciences .......sseseeee 184 


MODEMS; DATA SETS 


Data Modems 
Telcon Industries 
Tele-Dynamics/Ambac Industries 


Data Sets 
Gandalf Data ccccciccscecsesrorcccvscessacrsoceonccasseonsers 195 


DATA ACQUISITION AND 
CONTROL EQUIPMENT 
A-D AND D-A CONVERTERS 
A-D Converters 
Hybrid! SySteme) scssisisccccssccscsascsinseasscccbenctovecss 164 
D-A Converters 
Datel Systems 
A-D and D-A Converter ICs 


Analog Devices/Semiconductor cesses 161 
A-D Converter ICs 
Exetel 2SVRLOINE  cicssessasasnssccssssscsecesstecivesnsnse 159 


D-A Converter ICs 
Harris Semiconductor Products ... 


Multiplying D-A Converter Modules 

PROG: DEta: ccavrisvcsvxssuvssesssecscssacsisssecsneseiven 197 
ANGLE AND POSITION ENCODERS 
Shaft Angle Encoders 

Itek/ Measurement SySteMS ......seressesseees 197 
DATA ACQUISITION SYSTEMS 


Data Acquisition and Control Systems 
GONFO] LOGIC  cesissesssccssresscssesersescnscesssscoseaceas 180 


DATA TRANSFER AND 
INTERFACE EQUIPMENT 


Analog I/O Subsystems 
Micro Networks .. 
Vector Graphic .. 


Instrument Interfaces 
ICS _ Electronics 


MONITORING AND CONTROL EQUIPMENT 


Logic Controllers 
ENtertron INGUBtHIOS wccsccrccsescssecssssssesseccesercee 184 


TEST AND MEASUREMENT 
EQUIPMENT; INSTRUMENTATION 


COUNTERS; TIMERS 


Calendar Boards 
PIMSHOT \PRURWRYS: ss cccistisciccnrecsscncssanconestannes 42 


DATA GENERATORS 
Pulse Generators 


Systron-Donner/InstruMENt ......ssccseseeeeeseee 199 
Data Generator/Synchronizers 
TRUEST EON: sacesssnvesassevsscvesspssuqecessteanepepsisaniaiaes 188 


DIGITAL EQUIPMENT TESTERS 


LSI Board Test Systems 
TRONGUIOD . sdtcsccccstentesscracesassinian nesta 48, 49 


Logic Testers PAGE 
Hewlett-Packard o.......csscseseseeseees cissscesanstOay OO 


Logic Analyzers 


Gould/Biomation . » 62 

Tektronix 79 
Logic State Analyzer Interfaces 

PAYGRrOMIGD: cevcssscserssyiscssncsiesevstongsisencrsvanvauadtars 199 


Handheld Signature Analyzer Logic Testers 
Phoenix Digital .... 
Micro System Analyzers 
Millenium Systems ...........ccccsesesesseeeee 76, 77 
Modem Polling Testers 
International Data Sciences usc B4 


METERS 
Digital Multimeters 
Hickok Electrical Instrument .....ssssserseeres 200 


DC Motor/Tachometers 
BUGHIOF PrOGUCtS  ccccccsscsscssssssscceressssesssssoneess 198 


OTHER TEST AND MEASUREMENT 
EQUIPMENT 
Backplane Testers 

Addison/ Muirhead 201 

Sensitek 
Fiber Optic Cable Monitor/Testers 

Siecor Optical Cables oo... .sssssseseeseeeeee 201 
Programmable Frequency Synthesizer 
Subsystems 

Rockland Systems .... 


OTHER PRODUCTS; SERVICES 


EDUCATION 
Optoelectronic Seminars 
Hewlett-Packard  .......scsssessssssseeerseeseeree 156, 157 
Seminars 
Institute for Advanced Professional 
Studies 
Integrated Computer Systems 


Microprocessor Training Aids 


Hewlett-Packard ....cccscsssesessssseessesnererenenenenees 142 
Logic Student Training Devices 
L. J. Broder Enterprises .......ssseseseseseneee 184 


EMPLOYMENT OPPORTUNITIES 


Employment Opportunities 
MORRO sssanssiiscersnsorsonensinee sn acaCliiathackobinncskvaisisiahes 160 


Lots of manufacturers offer vanilla 
terminals that meet their specifications. 
And, in lots of applications, that may be 
all you need. But, if you're a design en- 
gineer with a tailored system in mind, 
why sacrifice it to comply with your 
CRT’s limitations? You do have an al- 
ternative. Ann Arbor sells user-defineable 
terminals. 


We take a standard CRT design (ours 
or one of the vanilla manufacturer’s), 
and add the extra function keys you 
want...delete the features you don't 
use...vary the display configura- 
tion...customize the character set... 
match the packaging to your user's en- 
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EQUIPMENT BUYING, SELLING, AND 
LEASING 
Terminal Rentals 
Rental Electronics ........ssssssssesesseseseeeen pions 32 
Distributors 
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Radgo/Adgo .... 
Wyle Distribution 


EXHIBITIONS 
Conference/Exhibitions 

RE 978 sectissseanscossierviceniounictarenaens yankeeent -193 
Data Communications Exhibitions 

MIRGPIRCO: 97D: srcsicsssssxmtrcsueiiavisensmaaren 172, 173 


MARKET REPORTS 
Market Reports 
PROGESTIN GN vasissscscntsnsscssssteececysxcsusi vocseonse 208 
OTHER NONDIGITAL PRODUCTS 
Desks and CPU Cabinets 
BYORI VWO! aiscssacssasesascinaansvavsacionenisissionteaise 186 
PRODUCTION AND ASSEMBLY EQUIPMENT 
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OR: Machine: G: TOD siscesssscosscesoosctcesavssersvees 158 
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Walin Abr UiMOG sssivsisisvscsssacaissscsetanisenvnsasnsies 195 
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Microcomputer Software 
ONO, SCNUAG seiscaccssiancsvssssvccsesrsessereeivea 146h 
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Microbol 
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USDATA Engineering ......ccsccscsscesesseseseeseee 146h 
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Panatec 
Compilers 
DMC/Cetec 
Macro Assemblers 
Microsoft 


Products 


When An 
Off-The-Shelf 
Display Terminal 
Just Won't Do... 


.. CALL ANN ARBOR! 


vironment. In short, we fit our terminal 
to your systems design. 


All at a surprisingly low cost to you! 


So if you're in the market for CRT 
displays, and vanilla isn’t your favorite 
flavor, contact us at 6107 Jackson Road, 
Ann Arbor MI 48103. Tel: 313-769- 
0926 or TWX: 810-223-6033. 


ANM ARBOR 


TERMINALS, INC 
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Coil well. 


You've struck it rich if you need wound tunable coils with 
overlapping inductance ranges. CAMBION's broad standard line 
is immediately available from stock. Custom coils in a wide spec- 
trum of inductances and configurations also available. 

Standard micro-mini inductors, shielded and unshielded 
types, molded chokes, are yours for the asking. For custom needs, 
the difficult takes a little time. The impossible takes a little longer. 
Write for the best catalog in the field. Cambridge Thermionic 
Corporation, 445 Concord Avenue, Cambridge, MA 02138. Phone: 
(617) 491-5400. In California, 2733 Pacific Coast Highway, 


Torrance, CA 90505. 
Guaranteed to be the right connection. 
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MICROCOMPUTER-BASED MEDICAL 
SYSTEMS MARKET 


For the period 1979-1988, over $1.3 billion in constant 
1977 dollars will be spent for new microcomputer-based 
medical systems. The major application will be clinical 
data processing. This includes functions such as patient 
medical history, blood pressure and auscultation, blood 
chemistries and enzymes, ultrasonic diagnosis, ECG 
and lung function. Smaller markets will develop for ad- 
ministrative data processing systems and the integrat- 
ed total medical information system. 


Frost & Sullivan has completed a 231-page report which 
analyzes and forecasts the market for microcomputer- 
based medical systems for both clinical and adminis- 
trative data processing. Market requirements are eval- 
uated by end user segments, i.e., hospitals vs. doctor 
group practices, etc., and further by product line. Sur- 
veys of data processing and medical manufacturers, 
and hospital and laboratory personnel indicate their 
thinking on the penetration of microcomputer-based 
systems into the medical market. Factors accelerating 
and restricting growth are considered. 


Price $700. Send your check or we will bill you. For 
free descriptive literature plus a detailed Table of Con- 
tents, contact: 


FROST & SULLIVAN, INC 
= 106 Fulton Street 
ey New York, New York 10038 
* (212) 233-1080 
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Switching OEM 


‘ Open-Frame 
Power Supplies 


@ 50% wider input range 
@ 1/5 the weight 
@ 1/4 the size 
@ Lower cost 


Note: Complete model number includes case size as prefix and output 
voltage as suffix (eg: Model 5E15 is a 15 volt, 11.8A unit) 


ALPHA 
POVWER 


OC POVWER SUPPLIES 


20536 PLUMMER STREET @ CHATSWORTH, CA. 91311 @ (213) 998-9873 
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Stocking 
genuine DEC computer 
spares : 


Radgo. Radgo is stocked and staffed to help 
you with your requirements for most general pur- 
pose K&M series and many computer spare modules 
manufactured by Digital Equipment Corporation 


— at factory prices. We also 
stock a large assortment of J oO 
3988 McMann 


COMPUTER SUPPLIES. 
Cincinnati, Ohio 45245 


Outside Ohio: 
(800) 543-1986 


Call today: a 


(513) 752-6880. 
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performance 


FDI-L11 / oem 
FLOPPY DISK SUBSYSTEM 


Mixed Format Operation 


Bonus Features 

* 128K Addressing Capability 
° 4Levels of Interrupt 

* Built-in Bootstrap PROM High Reliability LSI 
Controller Chip 


Packaging Flexibility 

* Piggyback (Shown) 

© Separated (Flat Cable 
Interconnect) 


Low Cost 


Industry 

Standard 

Drive 
IBM Compatible Interface 
Single And 


Double Density 


High Performance DMA 
Data Transfer 


Handles Regular And 
Mini-Floppies 
Simultaneously 


FOR THE LSI-11 


Ask about our other 
LSI-11 products too... 


RT-11 Handlers 
Provided 


Handles Single And 
Double-Sided Drives 


4m COMPUTER TECHNOLOGY 
For Systems Designers 3014 Lakeshore Ave. 
Oakland, CA. 94610 
(415) 465-9000 
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POWER 
SUPPLIES 


STANDARD & CUSTOM 


e FERRORESONANT « 
e SWITCHER -REGULATED 
e SERIES- ee ag » 


en" 
. « POWER SYSTEMS « 


P.O. BOX 50 CD 


DAYTON, NJ - 08810 
(201) 329-4611 * TWX 710-480-5674 


Send For Catalog 578 


All Products 
Completely Mfrd. In The U.S.A. 


A Division Of Technology Development Corp. 
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SALES OFFICES 


NEW ENGLAND AND 
UPSTATE NEW YORK 


CALDWELL ENTER- 
PRISES, INC. 

Lindsay H. Caldwell 
129 Cedar Hill Rd. 
East Dennis. MA 02641 
(617) 385-2533 


LONG ISLAND AND 
MIDDLE ATLANTIC 
STATES 


CALDWELL ENTER- 
PRISES, INC. 

Richard V. Busch 
Princeton, N.J. area 
(609) 924-6300 


SOUTHEASTERN 
STATES 


COLLINSON & CO., INC. 
Newton B. Collinson, III 
Anthony C. Marmon 

4419 Cowan Rd., Suite 302 
Tucker, GA 30084 

(404) 939-8391 


MIDWESTERN 
STATES 


Berry Conner, Jr. 
88 West Schiller St. 
Suite 2208 

Chicago, IL 60610 
(312) 266-0008 


WESTERN 
STATES 


BUCKLEY/BORIS 
ASSOC., INC. 

Terry Buckley 

Tom Boris 

John Sabo 

912 South Barrington Ave. 
Suite 202 

Los Angeles, CA 90049 
(213) 826-4621 


COMPUTER DESIGN/FEBRUARY 1979 


online 


The Best Graphic Problem Solvers in the Field 


The benefits of field experience are 
showing. We have learned what you 
need and what you don’t need in 
graphic plotting instruments. 
C@MPLOT® products are: 


FAST The COMPLOT® DP-11 Digital 
Plotter gives you greater throughput 
with 4,000 steps per second (240,000 
per minute). 


EASY PLOTTING Match up the DP-11 
with the PTC-5 Controller, and you 
have the simplest, most advanced 
operation for timesharing, remote 
batch, on-line or off-line processing. 


houston 
instrument 


ONE HOUSTON SQUARE 


offline 


remote batch 


wet’ 


Microprocessor based, it provides 
automatic detection and correction of 
data transmission errors, as well as 
local generation of alphanumerics and 
circular buffer memory to accommo- 
date greatly compressed plot codes. 


ACCURATE Plotting at 1000 steps per 
inch produces precise, reproducible 
charts and plots. You can switch to 
resolutions of .005’’, .0025”, .002”’, and 
.001’’. Metric resolutions selections are 
.1 mm, .05 mm, .04 mm and .02 mm. 


ADAPTABLE The PTC-5 operates at 
110, 300, or 1200 baud and adapts to 


(512) 837-2820 


EUROPEAN OFFICE Rochesterlaan 6 8240 Gistel Belgium 


® REGISTERED TRADEMARK OF HOUSTON INSTRUMENT 


Phone 059/277445 Telex Bausch 81399 


“the graphics - recorder company” 


time sharing 


IBM 5100, HP 9825, Wang 2200 calcu- 
lators, as well as the DEC PDP-11, Data 
General NOVA/Eclipse, HP 3000 Series 
and other computers. 


QUIET Thanks to our unique 
“Microdrive™ " motor, it is easy to 
live with. 


RELIABLE Ideal for engineering, scien- 
tific, financial and business persons to 
use for such applications as N/C tape 
verification, load and strain plots, con- 
tour maps, isometric piping drawings, 
subdivision plats, financial graphs and 
many, many more. Write for our 
brochures today. 
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Visit us at the Pittsburgh Conference booths 217 & 219 


DIVISION OF BAUSCH & LOMB @®) 


AUSTIN, TEXAS 78753 
TWX 910-874-2022 


*U,S. DOMESTIC PRICE ONLY 


Heavy duty programmer 


Simple, pass/fail 
production-line 
programming. 

Use our benchtop M910 
production programmer for 
general production line 
programming, for blank- 
checking or verification, or 
for quality assurance testing. 
The M910 is so simple and 
provides such readily under- 
stood pass/fail information 
that you can teach your 
manufacturing personnel to 
use it in minutes. In the 
M910’s automatic mode, the 
operator loads the PROM, 
pushes one button and the 
programmer automatically 
blank checks, duplicates 


and verifies. A pass/fail light 
and an accompanying audio 
tone give dual indications of 
PROM status. The M910 also 
has individual pushbutton 
selection of blank check, 
duplicate or verify functions. 


No matter what your 
PROM, the M910 can 
program it with max- 
imum yield using one 
of our vendor-approved 
plug-in personality 
modules. 

The M910 accepts our full 
range of PROM personality 
modules including dedicated 
modules for single PROMs, 


duplicates PROMs 
like greased lightn 


oe ws 
St < 
a | em , ~ Pan ee 


Like all our control units and 
PROM personality modules, 
the M910 comes ULL. listed, 
designed and built to U.L. 
electrical safety standards. 


It’s a fully portable benchtop 
unit that weighs less than 
18 pounds with personality 
module installed. 


Top yield and throughput 
per dollar. 

An M910 control unit costs 
only $1,400. Single PROM 
personality modules cost 
from $350 to $600. Generic 
modules start at $530. Gang 
modules are $950 to $1,050. 


gang modules which let you 
program up to 8 PROMs 
simultaneously, and generic 
modules which program entire 
PROM families. 


The M910 gives you a direct 
PROM to PROM copy with no 
intermediary buffering. We 
use separate sockets for the 
master PROM and the copy 
PROM. No programming 
voltages go to the master 
socket, so your master can’t 
be accidentally altered or 
destroyed by operator error. 


WM 


Microprocessors at your fingertips. 


Write for a copy 
of our PROM User’s 
Information Package. 
Pro-Log Corporation, 

2411 Garden Road, 

Monterey, CA 93940, 

phone (408) 372-4593. 


PRO-LOG 


CORPORATION 
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